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FOREWORD TO THE OVERALL REPORT

In reviewing this report, the reader is advised that the report was
prepared in two phases. The basic report of 30 November 1976 is an
economic update of the International Passamaquoddy Tidal Power Project
and is considered the first phase of effort. During the latter stages of
the initial phase, two additional items were recommended to be addressed,
namely: The feasibility of All1-American tidal power concepts which would
be entirely within the United States and analyzing tidal power on a life-
cycle costing basis. The results of this second phase of study are in-
cluded in the attached yellow pages Supplement dated 29 April 1977.

In summary, the results of the economic update on tidal power
projects in the Passamaquoddy region are as follows:

a. The two pool International Passamaquoddy Tidal Power Projects,
as described in the 30 November 1976 report, are not considered economically
feasible since the Benefit-Cost Ratio is less than unity, specifically
.£3 to 1.00 and .49 to 1.00 for the 500 and 1000 Megawatt size plants
respectively when only power benefits are considered. The Benefit-Cost
Ratio increases to .74 to 1.00 and .67 to 1.00 for the 500 and 1000 Megawatt
plants respectively when ancillary benefits of area redevelopment, fisheries-
mériculture and recreation are included,

b. The various single and double pool All-American tidal plans as
described in the Supplement are also not economically feasible when based
or. the conventional method of analysis. The Benefit-Cost Ratjos vary
between .31 and .45 to 1.0 when only the power benefits are considered.
The range of Benefit-Cost Ratio increases to .55 and .77 to 1.00 when area
;ede¥e1opment, fisheries-mariculture and recreation are incorporated as

enefits.

¢c. The life-cycle economic evaluation by the Corps and Federal
Pcwer Commission of the 500 Megawatt international tidal power plan shows
that the power benefits would exceed costs over the 100 year life span of
the project. In a separate concurrent and coordinated tidal power study,
the Energy Research and Development Administration analyzed some All-
Anerican concepts by Tife-cycle and considered the projects economically
feasible when evaluated by this method. It is recognized that 1ife-cycle
costing is not the acceptable method of evaluating water resource projects,
hcewever, in view of the current energy situation, it deserves considera-
tioq in determining the future of a tidal power project in the Passamaquoddy
region,
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| powerhouse with the addition of a second 500 Megéwatt powerhouse at
a later date; approXimatgly 7 miles of earth'and rock-filled dams to
contain a high and Tow pool in_P@sSamaquoddy (101 sqqare.mileé)_and
Cobscook Bays (41 square mileﬁ)‘réSpective1y; 90 fiTTing gﬁfE§?"?
70 emptying gates, 4 navigation locks, and chanﬁel excavation. The
Totel Investment Cost'for the initial 500 MegaWaft project'wouid be
$1,775,254,000 and §2,802,751,000 for the 1000 Megawatt project. |
The costs for transmission of power into the New England Power Pool
system are not included in these figures but have been included in
the annua1 costs listed below.

. The estimated annual gross eﬁergy generation from'the 500
Megawatt plant is 1,932 million kilowatt-hours and 2,360 mitlion
kilowatt-hours fqr the 1000 Megawatt plant. |

‘Aside from the principal power benefits, there would be

,ﬁenefits’?ﬁdﬁ“EFeE'¥edévé16ﬁméﬁf' fiShihg’(haricu1turé) and recreation.
An analysis of the economic factors was made with respect to annual

benefits and costs of the project and a summary is as fo]lows

Benefit to Cost

~ Annual Benefits Annual Costs Ratio
© 500 M4 Project  § 89;674,000  $121,121,000 - .74 to 1.00
11000 MW Project $130,447,000°  $193,739,0000 - .67 to 1.00

In view of the fact that the Benefit to Cost Ratio for both
projects is below unity, it appears that further study of the International
Passamaquoddy Tidal Power Project as conceived is not warranted, How~

ever, the tidal project does offer an opportunity to provide power,
- l



SYLLABUS (OF BASIC REPORT)

The purpose of this feasibility report is to establish the economic
feasibffity of the International Passamaquoddy Tidal Power Projett,
Maine and New Brunswick under present conditions, and to determine if
further studies on the project are warranted. Social and environmental
impacts of the project were not a part of this effort and therefore are
not discussed in this report. Such impacts are considered sﬁbstantfa]
and would be conducted if further study is accomplished.

The project has a long history dating back to the 1920's and was
submitted to Congress for authorization in 1965, but authorization
was not given because of economic infeasibility. However, New England
is an area where residents pay among the highest prices in the country
for electric power - primarily due to the region's dependence on
forejgn 0il imports. This situation has become compounded dramatically
in recent years as a result of the 1973-74 "oil embargo" and economic
impacts on the region have been depressive. In 1975, a resolution was
adopted by the U.S. Senate directing the New England Division, Corps
of Engineers to conduct this study.

The .tidal power project evaluated is that as proposed by the
International Passamaquoddy Engineering Board in October 1959 with
subsequent modifications recommended by the Passamaquoddy-Saint John
River Study Committee in August 1964.

| The international project would utiTize the predictable and
renewable resoﬁrce, namely tidewater, to generate electrical "peaking”
power to serve the needs and énhanée the economy of the inhabitants
of the Canadian Maritime Provfnces and New England States. The pro-

posed concept involves the initial construction of a 500 Megawatt



pdwerhouse with the addition of a second 500 Megawatt powerhouse at
a later date; approximately 7 miles of earth and rock-filled dams to
contain a high and Tow pool in Passamaquoddy (101 square miles) and
Cobscook Bays (41 square miles) respectively; 90.f1111ng gates,

70 emptying gates, 4 navigation locks, and ‘channel excavation. The
Total InVestmeht Cost for the'initia] 500 Megawatt project would be
$1,775,254,000 and $2,802,751,000 for the 1000 Megawaft project.

The costs for tranémission of power'into the New England Power Pool
system are not included in these figures but have been included in
the annual costs 1isted below.

The estimated annual gross energy generation from the 500
Megawatt plant is 1,932 million kilowatt-hours and 2,360 million
kilewatt-hours for the 1000 Megawatt plant.

Aside from the principal power benefits, there would be
‘bene%itsm?roh"aféé"ré&éVéTBbméﬁf;'fishingi(maricu1turé) and recreation,
An enalysis of the economic factors was made with respect to annual
benefits and costs of the project and a summary is as follows: .

Bénefit to Cost
_ Annual Benefits Annual Costs . Ratio
500 MW Project  § 89,674,000 = $121,121,000 .74 to 1.00
1000 MW Project  $130,447,000-  $193,739,000 .67 to 1.00

In view of the fact that the Benefit to Cost Ratio for both
projects is below unity, it appears that further study of the International
Passamaquoddy Tidal Power Project as conceived is not warranted, How-

ever, the tidal project does offer an opportunity to provide power,



conserve naturdi resources equiva]ent to approximately 2,700,000
barrels of oil per year, alleviate future energy problems, and meet
objectives of the New England Federal Régiona] Council,

It is felt that includind conservation of natural energy resources
as a "benefit" in the benefit-cost analysis should be worthy of further
analysis, This savings has merit ahd increases the desirability of
the project. | |

Our initial task to determine the economic feasibility of the
interhationaT project is contained herein. However, durinﬁ
the latter stages of the economic investigation of the project; this
Division received a letter from Honorable James B. Longley, Governor of
Maine, requesting that the project be evaluated on a "life-cycle costing"
basis. In addition, inquiries were received pertaining to the feasi-
bility of a smaller All-American tidal power plan, such as the one
for which construction was started in 1935 but stopped in 1936. The
attached report does not include ihese two additional items of work
but it is our infention to address and report on them by April 1977.
Therefore, this present report should be considered an interim report,
Just evaluating the international tida] power concept; and considered
¥inal when the two additional items are included in a supplemental
document in April 1977.

‘Before a final decision is made on terminating or continuing
studies on tidal power in the Passamaquoddy region, it is recommended
that the decision be deferred until about April 1977, when results
“rom the separate tidal power study by the Energy Research and Develop-

rnent Administration to be completed in early 1977, and investigations
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ECONOMIC FEASIBILITY STUDY
INTERNATIONAL PASSAMASSSDDY TIDAL POWER PROJECT
COBSCOCK & PASSAMAQUODDY BAYS _
MAINE, U.S.A. AND NEW BRUNSWICK, CANADA
I. INTRODUCTION AND PURPOSE

The purpose of this report is to re-evaluate and determine the
present economic feasibility of the International Passamaquoddy Tidal
Power Project (CWIS #14023) in Cobscook and Passamaquoddy Bays, -Maine
and New Brunswick and to see if further study of the project is warranted.
The project is founded on harnessing the power resulting from high tidal
action (averaging‘about 18 feet) in the vicinity of the two bay areas:
the power would be supplied to.the New England region of the United
States and the Maritime Provinces of Canada.

The economic update is based on the prevailing currency values,
interest rates, labor and material costs in the United States as of
30\June 1976. This effort was conducted independently and without the ..
piarticipation of Canadian counterparts, or inclusion of Canadian monetary
interest rates, labor and material costs, or benefit amounts. No
e“fort was made to separate the costs chargeable to Canada and the _
United States of the project benefits which could be derived by each
country. For this re-evaiuation phase of the project, it was considered
to be in the best interests to first determine if the project was
economically feasible from a United States viewpoint before contacts,
coordination and participation were reduested of the Canadian officials.

In addition to current capital and annual cost estimates, this

raport includes estimates of project benefits and the resulting



benefit-to-cost ratios which can be obtained from tidal power, area'
rgdevelopment, recreation and fisheries.
~ The report was prepared under the direction of the Division
Eﬁgineer, U.S. Army Engineer Division, New England, Waltham, Massachusetts.
II. AUTHORITIES |
The éuthbrity for this work is derived from: |
a. kesclution gdopted'on 21 March 1975 by the Committee on Public
Works, United States'Senate; as sponsored by Edward S. Muskie, Senator
from Maine.
E. Public Law 94-180, Public Works Appropriations Act for Fiscal
Year 1976 approved on 26 Deéember 1975,
III. SCOPE OF THE WORK
This report updates to 30 June 1976 levels the economics of the
Passamaquoddy Tidal Power Project. The work principally involves:
a. Pfeparing up-to-date construction, and operation and mainten~
ance cost estimateé based on the concepts for 500 and 1000 Megawatt
two-pool tidal power projects as presented in the August 1964 report

titled: Supplement to July 1963 Report - The International Passamaquoddy

Tidal Power Project and Upper Saint qohn River Hydroelectric Power

Development. The upper Saint John River Hydroelectric Power Develop-
ment (Dickey-Lincoln School Lakes) was authorized in 1965 and is con-
sidered an independent project and is therefore not reported in this
docurent. . _

b. Reflecting the prevailing monetary interest rate of 6-3/8% fdr

Civil Works Project,



c. Preparing up-toédate benefits for the project from power, area
redevelopment, recreation and fisheries.

d. Freparing an analysis of the.benefits and costs to determine if
the project is economically feasible under present conditions and if
further study and investigations are warranted.

IV. STUDY MANAGEMENT AND PARTICIPANTS
The work under this phase of study was accomplished by the following:

Participant : Assignment/Task

New England Division

Engineering Division Overall study management, coordin-
ation, technical input, report
preparation and reviews.

Planning Division - Area Redevelopment, Recreational

‘and Fisheries Benefits.
Real Estate Division Prepare up-to-date costs for Lands
~and Damages.
Federal Power Commission . Power projections, benefits and
costs of transmission.
Stone & Webster Engineering Preparation of up-to-date Con- =
Corporation ~struction, and Operation and

Maintenance Cost Estimates.
V. SUMMARY OF PREVIOUS PROJECT REPORTS AND COST ESTIMATES
Over the past 50-60 years, tidal power projects in the vicinity of
Cobscook and Passamaquoddy Bays have been studied many times and varying
construction and opérational concepts have been proposed. For comparison
purposes, the following brief information on the more important engineering

reports is furnished.



A, 1935-1936 Tidal Power Project

The 1935-1936 project 1dent1f1ed as PLAN "D" - two dams were
actually built and one dam partia]ly-completed before the project was
stopped in 1936 due to lack of funds.

The plan was an "All American" single high pool concept,
located entirely withinithe boundaries of thé U.S. The projécf (P1an D)
iwas approved and described in report dated January 1936 with d revised
cost estimate dated 2 May 1936. Cobscook Bay was the high pool with
water d1schafging through the powerhouse into Western Passage. (See
attached plan).

The blan provided for five 10,300 HP vertical turbine/generators
for a total of 62,500 KW by tidal power; and a 30,000 KW diesel auxiliary
plant. The total e;timated annual energy output was 262 million KWH.
Plans called for the future addition of five 12,500 KW units.

The final estimated construction cost of 2 May 1936 was
$37,985,000 and consisted of:

Powerhouse (Five-12,500 KW units) (one-way flow)
. 30,000 KW Diesel Auxiliary Plant |
Filling gates (12 each on Treat Island)
Navigation Lock (56' x 360' on Treat Island)
Dams (5)
Cartow Island {completed)
Pleasant Point (completed)
' ~ Eastport (not started)
Treat-Dudley (started but not completed)
Lubec {not started)

Plate No. 1 shows the project layout.
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B. The October 1959 Report

In October 1959, ThejInferngtiona] Passamaquoddy Engineering
Boarc prepared a report titled: "Investigation of the International
Passamaquoddy Tidal Power Project," The projeét had identicaT facilities
as described in Paragraph VI; PaFagraph A herein except that the power-
plant included thirty'lo;OOO KW vertica] type units for a total of
300 MH. The average energy generation for the tidal project would be
1,843 million KWH a yéar. The reported estimated total investment cost
for the 300 MW project was $532;100,000 including interest during
construction. The énnua] costs were estimated to be $23,580,000.
Benefit-to-éost ratios.wbu1d_have been as follows:

Amortization Peri od*_

50 years 100 years
U.5. Canada U.S. Canada

Benefit-to-Cost Ratio 0.60 0.34 0.70 0.37

At-Site Cost of Energy 10.8  14.9 9.3 13.7
(Mit1s/KuH) \

*Based on 2%% interest in U.S. and 4-1/8% interest rate in Canada.

" In addition to tidal power facilities, this report contained
provisions for auxiliary hydropower at Rankin Rapids, Maine and a
- pumpec storage plant at Digdeguash, New Brunswick.

C. The April 1961 Report

In April 1961, a report titled: "Report of The International

Joint Commission on The International Tidal Power Project" (Docket 72)

was prepared. The construction first cost used in this report was
identical to the estimate contained in the October 1959 report. The

‘project elements were the same as the October 1959 report.



D. The July 1963 Report
In July 1963, the report titled: "The International Passa-

maquoddy Tidal Power Project and Upper Saint John River Hydroelectric

Power Development" was prepared under the direction of the Department

of the Interior. _

This study was basically a reviéw of the International Joint
Commission plan for the Passamaguoddy Tidal Power Project, and the
cost estimate used in the IJC report was utilized where possible. In
~ those instances where variations weré necessa?y, the revisions to cost
estimates were prepared by the Bureau of Reclamation, Denver, Colorado.

The estimated costs, exclusive of interest during construction
were $500,973,300 and $759,289,400 for the 500 M{ and a 1000 MH
instaillation. |

This report recommended that the project provide a 1000 MW
of capacity in two 500 MW powerhouses, inasmuch as the 1959 and 1961
reports provided for a 300 MW plant. The plant would have been
basically used for producing peaking power (1,213 million KWH) and
would have beenliﬁtegrated with the storage and hydroelectric power

development in the upper St. John River.(Dickey-Lincoln School Lakes).

The cqﬁbined projects were considered feasible based on an interest
rate of 2-7/8%, with a benefit-to-cost ratio of 1.27 to 1.00. The
benefit-to-cost ratio for the tidal power project alone was 1.04 to

1.00.



E. The August 1964 Report

In August 1964, the Passamaquoddy-St. John River Study Committee

prepared a report titled: “Supplement to July 1963 Report - The Inter-
national Passamaquoddy TIDAL POWER PROJECT and UPPER SAINT JOHN RIVER

Hydrpe!ectric Power‘Deve1opment“; The project was identical to the

1959 report except that scoping studies were made for'300, 500, 700 and
1000 Md instaliations aﬁd slanted type uhits replaced vertical units
from previous studies. The reported Total Investment costs including

interest during construction for the tidal power project are as follows:

Plant Size (Installed Capacity) Total Investment Cost

300 MW o L $472,670,000
500 MW ; 569,121,000
700 MW | o 702,837,000
1000 MW B 869,755,000

The report contains additional findings by the‘Corps and
Department of Intefior over the 1963 report. The plan would have
been to provide an initial capacity of 500 MW and ultimately 1000 MW
of peaking power for New England and New Brunswick. The power plant
would have incorpofated reversible features in the turbines which would
enable the generating unifs to be operated as plmps during thé:beriods
of neap tides and, hence operate at full installed capacity wbenever
needed. This reversible feature causes an insignificant increase in
the 1nvestmen£ cost and in the cost of energy for pumping required to
accomplish this 1mprovement.' The pLoject could have been repaid, with

interest at 3% within 50 years after each unit becomes revenue producing

at the following rates: b



Capacity $19.75/KW year
Energy ‘ 3;0'm111s/KNH
The tidal power plant would produce approximately 1,932 million
KWH of energy annually exclusive of the Dickey-Lincoln School facilities
in the upper St. John Rivér. |
The benefit-to-cost ratio for the 500 MW project was 1.04 to
1.00 utilizing a 3% intérest rate and a 100-year 1ife.
F. The 1965 Report |

This report is titled: "Report to President Lyndon B: Johnson,

Conservation of the Natural Resources of New England, The Passamaquoddy

]1da1 Power andlgpper Saint John River Hydroelectric Development", dated
July 1965 and was prepared and coordinated by the Department of the
. Interior. | ‘

This report commented on the 1964 report and did not agree
with the stated benefit-to-cost ratio of 1.04 to 1.00. The initial
500 MW tidal power project was estimated to cost $586,000,000. Their
new benefit-to-cost ratio was computed to be 0.86 to 1.00 for the
tidaf‘power project only.

In view of this, the report‘recommended that the associated
Dickey-Lincoln School Lakes project on the upper St. John River be
immediately authorized and constructed; that the Passamaquoddy tidal
power project continue to QF studied, re-examined, and possibly be

redesigned taking full advantage of latest technological advances with

possible reduction in capital costs.



G. The 1973 Report was an updafe of the economics of the 1964

report based on a 500 MW facility &t Passamaguoddy. Utilizing U.S.
Bureau of Reclamation Hydro Cost Indices, an interest rate of 5%%,

~and 100-year projeci 1ifé, the revﬁsed Total Investment wés increased

to $973,477,000. The Annué] Charges for the tidal project were
$56,522,000 and Annual Benefits were $41,329,000 resulting in a benefit-
to-cost ratio of 0.7 to 1.0. |

H. The 1974 Report

This report dated July 1974 was an economic update of the July
1973 report. The costs were escalated from 1973, and the interest rate
‘was revised to 5-7/8%. The costs were increased using the U.S. Bureau
of Reclamation, Hydro Cost Index. The Total Investment for the project
increased to $1,072,000,000 with Annual Charges of $70,300,000 and
Annual Benefits of $52,760,000 for a benefit-to-cost ratio of 0.75.
A nearly 28%‘1ncrease in benefits for the tidal project from the
previous year - reflecting principally higher fuel costs for power
'genefation - was offset by the combination of escalating construction
costs, increased inierest rate, and inclusion of $4,165,000 for additional

transnission costs.

I. Summary of Benefit-to-Cost Ratios for the Project Studies

" The following summarizes the history of benefit-to-cost ratios

in various studies of the International Tidal Power Project:

10



'HISTORY QF BENEFIT-COST RATIOS

OF INTERNATIONAL PLAN

Interest _ Benefit-to-Cost*

Study Rate Project Life Ratio
Oct 19589 2-1/2% U.S. - 50 yr 5300 Mw; 0.60
75 yr (300 MW 0.70
4-1/8% Canada 50 yr ésoo Mw; 0.34
. 75 yr (300 MW 0.37

Apr 1961 (Same as October ]959 Report)
July 1963 2-7/8% U.S. 100 yr (500 MW) 1.04
Aug 1964 3% U.S. 100 yr (500 MW) 1.04
July 1965 © 3% U.S. 7100 yr (500 MW) 0.86
July 1973 5-1/2% U.S. 100 yr (500 MW) 0.70
July 1974 5-7/8% U.S. 100 yr (500 MW) 0.75
Nov 1976 6-3/8% U.S. 100 yr (500 MW) ' 0.74
6-3/8% ‘ 100 yr (1000 MW) 0.67

* Passamaquoddy Tidal Power Project alone. Auxiliary facilities such

as Dickey-Lincoln School and Rankin Rapids are not included.

J. Other Tidal Power Studies

1. Three other studies on tidal power are currently in progress

and are as follows:

a. ERDA Tidal Power Study

In April 1976 the U.S. Energy.Research and.Deve1opment Adminis«
tration (ERDA) awarded a contract in the amount of $168,733 to the Stone
l& Webster Engineering Corporation to'study tidal power technology world-
wide and to determine if more research might result in improvements of the

economic competitiveness of tidal power plants. In addition the fim

11



was commissioned to assess the feasibility of tidal power projects at
Maine's Passamaquoddy Bay, Cook's Inlet near Anéhorage, Alaska and other.
United States sites where the tfdes might be harnessed to generate elec~
tricity. |

| The contract work is to be completed in nine months in early
1977 and is being accomplished concurrently with the Corps study .

During the preliminary hegotiation stages of the separate

Corps aqd ERDA studies,‘coordination was made between the agencies to
avoid dup]icatioh and to share information, The Corps study is dif-
fgrént from the ERDA effort, in fhat the Corps reviewed and prepared
up-to-date cost-and benefit estimates, as well as determined the current
economic feasibitity of the‘sgecific tidal power project as proposed
by the PasSmaqubd&y—St. John‘Rivef Study Committee in August 1964 with

changes thereto.

b. 'Iidal:Power Studies by Canada _

The possib1e uﬁe of the Bay of Fundy tides (as high as 63
feet) to produce\e]ectric power is being seriou$1y considered by Canada.
A new $3,000,000 survey of poten;ia] dam sites in the upper bay, spon-
sored by the Canadian Federal Government and the éffected provinces
~of New Brunswick and Nova Scotia will be completed aboutlFebruahy 1978,

This effort is not eva?uating‘thé Passamaguoddy region.

12



According to preiiminary assessments, a complex of dams in‘
thefupper bay.cou1d be developed including 13,0b0 megawatts of hydro<
electric capacity.

Coordination.was not pursued with the Canadian entities

during this phase of updating the economics of the Passamaquoddy project.

c. Another study on the economic feasibility of tidal power

in the Passamaquoddy area is 'being accomplished by the Office of
Technical Assessment, United States Congress, This study is to be

completed in latter 1977.‘

YI. DESCRIPTION OF THE TIDAL 'POWER PROJECT

A. Project Facilities

The "Tidal Power Project Plan", Plate No. 2, shows the project
area and location of major features.

In general, the project contains approximately seven miles of
~ock and earthfilled dams in waters up to 300 feet deep, four navigation
locks, 90 filling gates, 70 emptying gates, a powerhouse of 500 MW and
alans for addition of a second 500 MW powerhouse. Numerous natural
islands form part of the barrier system separating the high and lTow

2001s, bays and the ocean from each other. The overall length of the

antire project is approximately 20 miles. T

13 .
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The major facilities in the proposed tidal power project for

which cost estimates are being prepared are as follows:

Iten | Size

Power plant No. 1 ' 500 MW (40-12,500 KW units)¥*

Power plant No. 2 500 MW (40-12,500 KW units)*
‘ Switchyafd : -

Letite Passage Filling Gates 40 ea (30'x30')

Western Passage Fi1ling Gates 50 ea {30x'30')

Head Harbor Emptying Gates 70 ea (30'x30')

Head Harbor Passage Lock 415‘xsd'x21' draft

Western Passage Lock 415'x60'x21"' draft

Little Letité Passage Lock | 95'x25'x12' draft

Quoddy Roads Lock 95'x25'x12' draft

* Slant type turbine, generator and governor units.

‘Dams
Letite Passage, North - approx. 0.50 miles long
Letite Passage, South approx. 0.27 miles long
McMaster is.-Jameson Is. approx. 0.35 miles long
New Is.-Pendleton Is. approx. 0.08 miles long

~ Pendleton Is.-English Is. approx. 0.15 miles long
English Is.-Deer Is. approx, 0.25 miles long
Head Harbor Passage, East approx. 0.83 miles long
Head Harbor Passage, West approx. 0.95 miles long
Indian River approx. 0.4 miles long
Western Passage approx. 0.7 miles long



Item Size

Dams (Cont'd)

Quoddy Roéds approx. 1.2 miles long
| Carryfngplace Cove approx. 0.5 miles long
Bar Harbor approx. 0.35 miles long
Lubec Channeil dredging 515,000 cy |
Fishways

Power plant No. 1

Power plant No. 2

Head Harbor Emptying Gates
Service Facilities
Relocations
Lands and Damages

Public Highways

It is noted that the project does not provide for or include
any auxiliary power facilities such as fossil fueled, pumped-storage or
river hydro developments to integrate with the tidal power installation,
a1 of which had been considered in the past.

Plate No. 3 shows the general plan of the powerhouse area with
Powerhouse No. 1 being in Carryingplace Cove and Powerhouse No. 2 1in
the vicinity of Bar Harbor. The plan as shown is essentially as
recommended in the August 1964 report, and the length of each powerhouse
was about 3,486 feet long to provide for the fifty 10,000 KW slant-type
units. With use of the forty 12,500 KW slant axis tube type units included
in this economic update, the overall length of each powerhouse has been

reducéd to approximately 3,211 feet.
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Plate No. 4 is a preliminary plan and section of a typical
Main Unit Bay in the powerhouse foF the 12,500 KW generation equipmént.

{ Exclusive of increasing the size of thé generation equipment
and cecreasing the sjzes of the poﬁerhouses, there'has been no other
conceptual or design changes to the project since the Auguét 1964 report.
It is noted, however, that the construction area and access road and
railroad have been adjusted from that as shown; 50 as to be compatible
with a proposed 0il refinery in the vicinity of the Eastport Airport.

B. Project Opérational Characteristics

1. General
The bresent cost estimate is based on a two-poot systeh

in which Passamaquoddy Bay is the upper or high pool and Cobscook
Bay is the so-called low pool. The water from the ocean and_Bay of
Fundy enters the high pool through ninety filling gates, passes through
| the péwerhouses whefé electrical power is produced from the rotating

turbinéé ﬁnd generators, and is then discharged into the low boo1. The
Tower bay ié emptied.into'the ocean by seventy emptying gates. Passa-
' maquoddy Bay is approximately 101 square miles and Cobscook Bay contains
about 41 square miles, The power plant operates on a range of tides
“which varies from a minimum of 11.3 feet at neap tide to a maximum of
25.7 feet at spring tide or an average tide of 18.1 feet. The minimum
operating head for the tidal power plant is about 6 feet.

‘ ~ Plate No. 5'is a schematic showing the release of stored
flood tidewaters through the powerhéuses and draining into the lower
basin and back to the.ocean. The filling gates to the upper basin are

closed until the next incoming tide.

18
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By using reversible pump turbines, the difference between the
water 1eve1s_of the two pools can be.iﬁcreased during the neap tide béyond'tﬁat_
obtainable from the tides alone. Thiszincreases the head aVéfiéBié‘fb?; |
generation of power during the neap tides. Thus, the Passamaquoddy
power plant can be operated at the fuif installed capacity at the
power plant during all peaking periods.-

As hoted, electric power generation would be the principal
pJarpose of the.Passamaquoddy Tidal Power Projéct. Many alternate
facilities arrangements and concepts of operation are possible and have
been reported in past studies. Project simuiations of operation and |
piwer scoping are beyond the scope of this report, and therefore
salection of a plan of development has been based on review of past

raports. Power generation is essentially as indicated in the August 1964

sipplement to the report “International Passamaquoddy Tidal Power Project

and Upper Saint John River Hydroelectric Power Deve1opment", dated
Jaly 1963.
. C. Generation |

Energy output for the two si;ed power plants would be approxi-

mitely as shown in Table 1. "
TABLE 1
- ENERGY PRODUCTION
Capacfty (M) eﬁﬂe§e9a”r ‘Averade Apnual Capacity }'actor'
500 1932 a0
1000 2360 27.0

NOTE: 1 GWH = 1 Million kilowatt hours

A
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As indicated in the previous section, pump turbines wi11 be
operated in pumping mode during neab tides with the objective of
maintaining adequateihead to deve1qp generator nameplate in the next
generating cycle. As p&mping is accomplished at a lower head differ-
ential than the subsequent generation, there is actually an 1ncrea;e
in energy realized from this operation. 33,997,000 KWH per year wduId
be the required puﬁping_energy, while 216,643,000 KWH per year would
be realized in additional generation,

The project WOu1d have some flexibility in daily distribution
of energy. Previous studies had considered full capacity peaking
generation during a two-hd@r peak 1qéd period and maximization of
enercy genefation dgring off-peak periods. Updated studies of project

'gggrggigg would be required to optimize more specifically energy
distribution concepts. Not withstanding economics or operating plans,
energy generation of'two billion KWH per year from other Sﬁurces would
require over 2.7 million barrels of oil.or one million tons of coal or
16.5 billion cubic feet of gas. |

D. Reverse Pumping

1. Operation - Generation

The August 1964 sﬁpp1ement to the July 1963 report on
The International Passamaquoddy Tidal Power Project and Upper Saint
‘ ~John Hydroeiectric Power Development reported on utilizing reversible
pump turbines in the tidal power project.
.By using reversible bump turbines, the difference in water level
betweén the high and low poois can be increased during the neap tide beyond
that obtainable from the tides alone. Thfs increases the head available

|
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for generation of power during the neap tides. Thus, the Passa-
maquoddy power plant can be operated at the full installed capacity
during all peaking periods.

Based on an assumed 3-m0nth period of 2 hour peaking
duration and using forty 12,500 KW units (500 MW), 33,997 MWH of
energy will be required for pumping. This in turn could produce
85,365 MWH during peaking periods br 216,643 MWH during off-peak
periods. The forégofng are the estimated results of operation with
pumping under the following conditions:

| a. The Tow pool is drawn down during the low tide
occurring before the peaking periods.

b. During the high tide preceding this Tow tidé, the
Tow pool is filled from the ocean and water pumped from the low
pool to the high pool.

c. A 30% pumping efficiency has been assumed.

2. Construction Modifications

In order to provide-fbr reverse pumping, changes in
design and construction of the power plant would have to be accom-
plished by lowering the turbines and water passages about 5 feet.

The 1964 report included this feature and the current updated
Total Investment cost involved to-}ower the 40 units in one powerhouse
is $38,575,000.

3. Economics

The justification of including the pumping feature
at the Passamaquoddy Tidal Pﬁojectlis contained in the comparison of
annual benefits derived from that feature as compared with the

annual costs. Incremental annual costs of providing (and operating)

23



the pump turbines as compared with conventional units are derived

as foI{ows:

TOTAL INVESTMENT COSTS

Estimated Contract Cost
(per powerhouse)

Contingencies

Engineering, Design,
Supervision & Administration

Project First Cost
Interest During Construction

Totalwlnvestment Cost

ANNUAL COSTS - Includes

Interest &IAmortization

Operafion & Maintenance and
Major Replacements

Pumping Costs
(33,997,000 KWH x $0.003)

TOTAL ANNUAL COSTS

$26,147,000

$ 2,950,000
$29,097,000

- $ 2,037,000

$31,134,000

'$ 7,441,000

$38,575,000

$ 2,464,000

$ 165,000

$ 102,000

$ 2,731,000

The 1nsta1iation of the reverse pumping capability would
permit the firming of 386,000 kw capacity and an annual energy
gain of 85,365,000 KWH from the pumping operation, This annual
benefit amounts to $19,149,000 which is inciuded in the overall
annual power benefits for thE'SOO MW plant and is broken down as

follows:
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Capacity

- 380,000 KW (500,000-120,000 KW) x $45.00/KW = $17,100,000
Energy

85,365,000 KWH x $0.024/KWH = 2,049,000

' $19,149,000

In viéw‘of the fact that the reverse pumping component permits
firming of the 500 MW capacity for 2-hour peaking power during neap
tide periods and the benefits it contributes to the project, the install-

ation of this capability is considered necessary..
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VII. BASIS FOR PREPARATION OF ESTIMATED COSTS

. The quantities, units and cost estimates for the Passamaquoddy
Tidal Power Project as shown in the following reports were utilized as
. the baseS of preparing the new updated estimates:

a. Report dafed October 1959, entitled: Investigation of the
Internationai Passamaqueddy Tidal Power Project by the Internafiona1
Passamaqubddy Engineering Board. .

b. Report dated August 1964, entitled: Supplement to July 1963
Report - The International Passamaquoddy Tidal Power Project and Upper
Saint John River Hydroe]éctric Power Development by the Passamaquoddy-
Saint John River Study Committee. |

The quantities for the facilities contained in these two reports
were unchanged except for the powerhouse structures. The unit prices,
labor rates, equipment rates, production units, fringe benefits have -
been reviewed and revised on an individual basis. In some miscellaneous
1nstan¢es where the benefit of more detailed data was not available,
estimates were based on experience, i.e. cost per square foot basis.
Rarely was the itém\coSt_increased by using an escalation index such
. as ENR or U.S. Bureau of Reclamation Hydro Cost Index alone. For the
larger items of installed equipment, contact was made with manufacturers
for latest price quotations.
| The estimated'broject first costs include contract costs,
contingencies, engineering and design (E&D), supervision and adminis-
~tration (S&A). Intérest during construction has been added to provide

Total InvéStment for the project.
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VIII. CRITERIA AND ASSUMPTIONS FOR PREPARING THE CONSTRUCTION AND
OPERATIONAL MAINTENANCE COST ESTIMATES

The estimates are based on the following criteria:

1. The tidal power project concept (configuration of facilities)
is the same as that shown in the 1964 Study Committee report.

-2, The prOJect financing is.based on a 100-year 1ife.

3. For this feasibility estiméte, the costs are based on U.S.
currency, wage rates and material costs as of 30 June_]976.

4, An annual interest rate of 6-3/8% for retu;n on investment
and interest dur%ng construction. The 6-3/8% interest rate has been
retained in accordance with Engineer Circular 11-2-126 dated 20 July
1976. Such intefest rate ﬁas effective 1 October 1976.f0r projects
far which FY 1978 budget data is being submitted.

5. A construction contingency factor of 10% is used on all in-
stalled items of equipment, and a factor of 15% for all remaining work
*shall be utilized.

6. The allowance for Government costs which cover engineering
and design (E&D), and superviston, inspection and administration (S&A)
during construction has been analyzed, based and computed_on estimated
project needs in lieu of utiiizihg straight percentagés. _

7. It is estimated that one-quarter of major installed equipment
will have to be replaced every 30 years. | |

8. The estimated 1ife of the remaining project facilities is
100 years.

9. It is considered that the project will be totally federally

funded and that there will be no non-federal investments.
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IQ. The construction period is 7% years for the 500 MW project
or 8% years for the 1000 MW plant.

1T. Provisions for outside temporary camp and commissary for
.construction personnel have not been included in the cost estimate.
In Tieu of this, subsistence and/or traveiing have beén included in
the crew labor rates. -

12. The estimate is based on the following all year round ﬁurk
shifts: |

a. Six day week - Three 8 hour shifts

Hydraulic dredging
Dipper dredge operations
Embankment work at dams

b. Six day week'- Two 8 hour shifts

'Earth and rock excavation in dry
Quarrying and crushing operatiohs

Concrete mixing and placing operations

¢. Five day week - Single 8 hour shift
A1l other activities

13. Construction methods, equipment, and materials proposed in
“the previdus'reports were reviewed and were judged to be‘genera11y

the same as would be used today.

14, 1t is propdsed for the updated estimate that excavation of
~ impervious material from the powerhouse area for use in the dams would
be by dipper dredge, rather than by hydraulic dredge as was previousiy
proposed. The dipper dredge operation will result in Tless segregation

of the material when placed in the dams and a better dam construction.
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15. Labor rates are based on U.S. Department of Labor schedule
for Washington County, Maine which expiked in August 1976.

16, Equipment ownership and operating costs are from the
Associated Equipment Distributors {AED) Bock published in 1975 and
marine equipment rates were taken from records maintained in this
Division, _

IX. ESTIMATED PROJECT COST

A, Construcfion Cost Estimates

1. General
The First Cost and Total Investment amounts for the 500
arid 1000 MW projects are presented separately.

2. 500 MW Project

The basic project consists of one 500 MW Powerhouse No. 1
with dams, Tocks, filling and emptying gates, etc. A Total Investment
cost estimate in the amount of $1,775,254,000 is prepared for this size
of project and is included herein. This estimate includes 500 MW of
reversible capacity.

3. 1000 MW Project

In the event the project is increased in size to provide
for a second 500 MW power plant, additional costs are involved for the
additional power plant, fishways, service facilities, relocations, lands
and damages. A separate Total Investment cost estimate of $2,802,751,000

is prepared for this size of project'and is included herein.
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4, Estimates for Additiohal Items

a. Added Costs for Lowering Turbine Hub for Reverse

Pumping
| An estimate in the amount of $38,575,000 is provided

to reflect‘the cost for Towering the turbine hubs to pump water from

the low pool to the high pool so as to maintain higher head and additibhal

water‘cépac1ty for power productiqn.

b. Cost Estimate for Public Highways

A separate Total Investment cost estimate of $26,908,000
is prepared for Public Highways which is considered an Additive Item.
A bréakdown of the estimate is included in Table 4.

c. Cost Estimate for Two Alternate Size Navigation Locks

In view of possible future navigational needs for larger
locks, estimates are included for two alternate size navigation locks
to tke basic Tock (415'x60'x21') at Head Harbor Passage. These two

alternate lock sizes are:

- Lock Est. Total Investment Cost
830'x120'x42' draft $ 86,443,000
1250'x180'x67" draft $141,167,000

d. Cost'Estimate for Large Alternate Lock at Little

Letite Passage

A separate Total In;estment cost in the amount of
$56,063,000 (See Table 3) is prepared in the event a larger lock
{(800'x80'x30" draft) is planned in 1ieu of the basic lock (95'x25'x12*)
at Little Letite Passage.

Summaries of the estimates follow in Tables 2_and 3.

30



Item No.

-

QWSO8 ()P —

pary

11.
12.

13.

TABLE 2
SUMMARY

ESTIMATE OF COST (500 MW) PROJECT

PASSAMAQUODDY TIDAL POWER PROJECT
COBSCOOK AND PASSAMAQUODDY BAYS

MAINE AND NEW BRUNSWICK

Item

Powerplant No. 1 (07)
Switchyard (07.3)

Letite Passage Filling Gates
Western Passage Filling Gates
Head Harbor Emptying Gates
Head. Harbor Passage Lock (05)
Western Passage Lock (05)
Little Letite Passage Lock (05)
Quoddy Roads Lock (05)

Dams {04)

Letite Passaje North
Letite Passage South
McMaster Is. to Jameson Is.
Jameson Is. to New Is.

New Is. to Pendieton Is.

. e s -

English Is. to Deer Is.
Head Harbor Passage, East
Head Harbor Passage, West
Indian River

Western Passage
Carryingplace Cove

Quoddy Roads

Sub~Total - Dams

s 4 s e . =

b= I - ol ST . 3 { o) MO O OUD

Lubec Channel (09)
Fishways (06)

Powerplant No. 1
Head Harbor Emptying Gates

Sub-Total
Service Facilities (19)

~ For 500 MW Project
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Pendleton Is1. to English Is.

Size
500 My
40 ea

50 ea
70 ea

415x60x21
~ 415x60x21

95x25x12
95x25x12

- LI
- = « = &

rrerrreerererrerer

v

U w

L.S.

i~
v wn

L.S.

Cost

$628,930,000
5,556,000
71,956,000
85,544,000
141,628,000
17,608,000
18,469,000

- 4,040,000
7,260,000

1,266,000
7,398,000
1,897,000
4,757,000
253,000
884,000
726,000
57,281,000
35,419,000
9,645,000
45,323,000
1,228,000
14,754,000

$180,831,000
1,613,000

2,217,000
863,000

$ 3,080,000

3,711,000



‘ TABLE 2 (Cont'd)
Item No. Item

Size Cost
14. Relocations (02)
For 500 MW Project
a. In Canada L.S. 266,000
b. InUnited States L.S. 13,680,000
Sub-Total | $ 13,946,000
Lands and Damages (01)
For 500 MW Project
a. In Canada L.S. § 1,772,000
b. In United States L.S. 1,412,000
Sub-Total $ 3,184,000
 Sub-Total $1,187,356,000
Contingenﬁies $ 154,025,000
Sub-Total $1,341, 381,000
Engiﬁeering, Design, Supervision
& Administration ?BO\and 31) $ 91,431,000
Tctal Project First Cost - $1,432,812,000
Interest During Construction * $ 342,442,000
TOTAL INVESTMENT (560 MW) $1,775,254,000

The above estimate includes the costs necessary for lowering the
turbine hubs for reverse pumping capability.

\

*The preliminary amount for Interest During Construction (IDC) is
computed utilizing the interest rate x one-half the construction
period in years x the total estimated project cost. In general,
IDC is the estimated accrued interest on project expenditures
and values until the project services become available.
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if a second 500 Megawatt Power Plant (Powerhouse No, 2)
is added to provide a tidal power faci1ity with 1,000 megawatts of
installed capacity, the additiona]'costs involved are shown on Table
2A.

It is noted that the sysiem of dams, emptying-filling gates
and navigational locks do not have to be increased or modified if the

facility is increased to 7,000 megawatt capacity,

TABLE 2A
ESTIMATED ADDITIONAL COSTS FOR POWERHOUSE NO. 2

Total Investment Cost (Initial 500 MW): $1,775,254,000
Additional Costs for 2nd 500 MW Plant:

Powerplant No. 2 $637,565,000
Switchyard 5,980,000
Service Facilities 903,000
Fishways 2,217,000
Land and Damages 890,000
Relocations 13,862,000
Sub Total . $661,417,000
Contingencies 80,827,000
Sub Total $742,244,000
Engineering, Design
Supv. & Admin, 30,882,000
Total Project First '
Cost $773,126,000
Interest During
Construction $254,371,000
Total Investment
Cost for 2nd 500 MW Plant $1,027,4587,000
Total Investment Cost (1,000 MW) $2,802,751,000
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Table 3 presents the estimated costs of the compl
megawatt tidal power project.

TABLE 3
| SUMMARY
ESTIMATE OF COMPLETE COSTS OF (1,000 MW) PROJECT

ete 1,000

PASSAMAQUODDY TIDAL POWER PROJECT
‘EﬁﬁgtﬁgKiﬁﬁb:PASSAMA UODDY BAYS
~ WAINE_AND NEW BRUNSWICK

Item No. - Item Size
1. Poweré]ants (07)
a. Powerplant No. 1 500 MW
b. Powerplant No. 2 500 MW
Sub-Total 1000 MW
2. Switchyard (07.3) L.S.
3. Filling Gates 90 ea
4, Emptying Gates - 70 ea
5. . Locks (4 ea) (05) L.S.
6. Dams (04) L.S.
7. Lubec Channel (09) L.S.
8. Fishways (06) L.S.
a. For 500 MW Project L.S.
b. For 500 MW Addition L.S.

Sub-Tota]
g. Service Facilities (19)
a. For 500 M Project L.S.
b. For 500 MW Addition L.S.
Sub-Total
10.  Relocations (02)
a. For 500 M4 Project
In Canada L.S.
In United States L.S.
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$ 628,930,000
637,565,000

$1,266,495,000

11,536,000
157,500,000
141,628,000

47,377,000
180,831,000

1,613,000

4 o B B

3,080,000
2,217,000

£ L

$ 5,297,000

3,711,000
903,000

Loy 69

$ 4,614,000

$ 266,000
13,680,000
$ 13,946,000



Table 3 (Cont'd)

Item No. Item | Size _ Cost

b. For 500 MW Addition

In Canada _ L.S. $ -
In United States $ 13,862,000
| Sub-Total $ 27,808,000
11. Lands and Damages (01)
a. For 500 MW Project
In Canada L.S. $ 1,772,000
In United States L.S. $ 1,412,000
b. For 500 MW Project
In Canada L.S. $ -
In United States L.S. $ 890,000
Sub-Total § 4,074,000
Sub-Total $1,848,773,000
Contingencies § 234,852,000
Sub-Total : $2,083,625,000
Engineering & Design, Supervision
& Administration (30 & 31) $ 122,313,000
Total Project First Cost $2,205,938,000
Interest During Construction $ 596,813,000
TOTAL INVESTMENT (1000 MW) $2,802,751,000

The above estimate includes the costs necessary for lowering the
turbine hubs for reverse pumping capability.

A11-costs are based on price levels of 30 June 1976,
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TABLE 4
‘SUMMARY
ESTIMATE Oﬁ cosT gADDITIONAL ITEMS)
PASSAMAQUODDY TIDAL POWER PROJECT
COBSCOOK AND PASSAMAQUODDY BAYS
MAINE AND NEW BRUNSWICK

NCTE: These items are included for informational purposes in the event
they are added to the project.

Public Highways*

In United States L.S. $ 1,967,000
Contingencies 295,000
Sub-Total : $ 2,262,000

Engineering, Design, '

Supervision & Administration $ 203,000
TOTAL Sub-Item First Cost $ 2,465,000
In Canada L.S. $ 14,893,000

Contingencies _ 2,256,000
Sub-Totail , - $ 17,149,000

Engineering, DeSign !

Supervision & Administration § 1,556,000
TOTAL Sub-Item First Cost - $ 18,706,000
TOTAL Item First Cost in United States
and Canada _ ' $ 21,171,000
Interest on Construction $ 5,737,000
TOTAL Item Investment $ 26, 908,000

Alternate Future Navigation Locks** (Head Harbor Passage)
Lock 830x120x42 $ 56,287,000

Contingencies $ 7,936,000
Sub-Total - | $ 64,223,000

Engineering, Design :

Supervision & Administration $ 3,789,000
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TABLE 4 (Cont'd)

TOTAL Item First Cost $ 68,012,000
Interest During Constructioﬁ.. $ 18,431,000
TOTAL Item Investment $ 86,443,000
Lock | 1250x180x67 $ 92,000,000
Contingencfes | $ 12,880,000
Sub-Total $ 104,880,000
Engineering, Design,
Supervision & Administration $§ 6,188,000
TOTAL Item First Cost $ 111,068,000
Interest During Construction $ 30,099,000 !
TOTAL Item Investment $ 141,167,000
Alternate Future Navigation Lock (Little Letite
Passage) (800'x80'x30" draft)$ 36,537,000
Lock
Contingencies $ 5,115,000
Sub-Total - $ 41,652,000
Engineering, Design,
Supervision & Administration 2,457,000
TOTAL Item First Cost $ 44,109,000
Interest During Construction 11,954,000

TOTAL ITEM INVESTMENT $ 56,063,000

*The cost of the Public Highways is for a road system connecting Route
1 at St. George, New Brunswick to Route 189 at Lubec, Maine. The cost
includes necessary construction on the dams and gates of the tidal
project, as well as connecting roads over the land where no project
construction is involved. No specific studies have been made to
determine whether the cost could be justified or not, nor are the
public highway costs included in the cost for power.
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5. Items Not Chargeable to Project Power

Construction of the following items are not chargeable to

the project power:

Item . Comments
Family Quarters Although the cost of housing is in the
, project first costs, rent payments would
(10 units for key personnel) be set to make the investment in housing

self-liquidating and the cost would not
appear in the project power costs.

Public Highways The tidal dams and structures afford a
good opportunity for connecting the
mainland and isiands by public highways.
For the purposes of this estimate, it
was assumed that the public highways
would be constructed complete in lieu
of service roads charged to tidal power.
Therefore, the cost of the public
highways not charged to tidal power
would be the difference between the
total cost of the public highways and
the total cost of the service roads.

Note: During the 1956-1959 study it was noted that in the event the
future larger navigational locks were built at Little Letite Passage
and Head Harbor Passage thg additional costs would be borne by
Navigation and not Power. However, during the course of this current
econonic update it has been determined that the additional costs
required for 1arger'navigation locks will have to be charged against

the project and power.
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6. Transmission of Power

a. Preliminary plans and cost estimates for the trans-
mission of electric power from the project site to the nearest
feasible point of connection to the New England Power Pool System
were deve1oped by the Federal Pdwer Commission, New York Regional
Office.

b. Although the_internationa1‘tida1 plan previousfy
envisioned the power being divided equally between Canada and the
United States, for cost estimating purposes, the assumption used in
this'repért is based on all power and transmission going to points in
the United States.

c. In reference to the transmission system, the follow-
ing excerpts are taken from a Federal Power Commission letter dated
12 August 1976:

"Project transmission requirements were based on
consideration of projected power flows on the NEPOOL system and the
pronosed development at Quoddy and ah assumption that Dickey-Lincoln
School and associatéd transmission would be in service. For the
initial 5NN MW installation, two 345 KV outlets were assumed - one to
the existing Orrington 345 KV sﬁitching station near Bangor (85 miles),
and another to the existing Maine Yankée 345 KV switchyard at Wiscasset,
Maine. The estimated cost of transmission for this scheme was about

$48,500,000.
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For the 1000 MW installation, the Quoddy-Maine
Yankee 345 KV circuit was Tooped through an exbanded Orrington
switching station, and a 345 KV line was added from Orrington to a
new substation in the Livermore Falls, Maine area, thence to an
assumed Beebee, New Hampshire termination of the Dickey-Lincoln
School transmission, and to the eixsting Scobie 345 KV substation
near Manchester, Néw Hampshire. Total cost of required transmission
for the 1000 MW vroposal was estimated at about $110,000,000."

Piate No. 6 is a sketch showing the approximate
locations of the transmission lines.

7. Summary of Total Investment Costs

The total investment costs are:

Item Size Facility
500 MW 1000 MW
Tidal Power Project ‘$1,775,254,006 $2,802,751,000
Transmission 54,683,000 124,025,000
Total Investment Cost $1,829,937,000 $2,926,776,000

for Overall Project
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B. Tidal Powef Development Schedule

The construction period for the 500 MW project, including a
single powerhouse with 40 units, would be 7% years from the start of
tehporahy constructipn facilities té the completion of final operational
testing of the turbine-generator units. The proposed detailed con-
struction schedule, for the 500 MW project, is shown on Plate No. 7

‘P1ate No,:7é:sﬁdws'the.prﬁposéd schedule for construction of
the second 40 unit 500 MW power plant. The total construction period
for this facility is also 7% years. Although this schedule has been
shown separate and~ﬁnre1ated to the schedule for the first power plant
and the other project facilities, it has been assumed for purposes of
estimating interest during construction that the second power plant would
be started one year after the start of the first powerhouse and completed
one year after completion of the 500 MW project. Therefore, the construc-
“tion period for the total 1000 MW project would be 8% years.

| Dredging and material placement in the dams wouid be continuous,

24 hour operations for six days per week. Other activities, such as
equipment instailation work, would be on a single 8 hour shift, five
days per week. It has been assumed that the main turbine-generator
units can be completed at the average rate of one per month.

Construction of the tidal power project would require work
during the full year. Delays such as cessation of water transportation
during heavy fog and of piacing concrete in freezing weather due to
~ weather would océur. These delays have been accounted for in the schedule
and an allowance 1nc1uded in the cost estimates.

Advance prbcurement of equipment and preparation of equipment

design drawings are necessary for timely completion of project.
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The tidal project can be easily divided into separate contracts
of reasonable size and duration for thé foT]owihg reasons: (1) the
work can be handled by individual contractors or combines without fear
of a great change in price level during their work period, and (2) to
assure competition for bidding. C]ose‘coordination of the excavations
would be needed, especially where rock, sand, gravel and clay from one
excavation produces cofferdam material for another area and where the
excavated material is used in the tidal dams.

The powerhouse would take the longest time to complete. To. -
make an early start, the material to build the powerhouse cofferdams
would be borrowed.

The schedule of construction of the various emptying and filling
gates is based on working on all three sites at the same time. After
placement of about one-third of the concrete, one gate é week including
its equipment, would be installed per week. In this way, the filling
gates at Letite and Western Passage would be completed by ahout the
middle of the fourth year, and the Head Harbor Passage emptying gates
would be completed by about the middle of the fifth year.

The construction of the locks would take 2% years and would
be scheduled to be completed before the tidal dams were c¢losed, so that
normal and construction traffic could be maintained in the bay area.

C. Project Annual Costs

1. Esﬁimate
The estimated total annual costs for the 500 MW and 1000 MW
projects are $121,121,000 and $193,739,000, respectively. A breakdown

of these estimates is shown in Table 5. Annual interest and amortization
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TABLE 5

~ PROJECT ANNUAL COSTS
(June 1976 Price Levels)

500 MW Project 1000 MW Project

Total Investment-Tidal Project
COnstruCtion_Cost : - $1,432,812,000 $2,205,938,000
‘Interest During Construction 342,442,600 . 596,813,000
Total Investment $1,775,254,000 $2,802,751,000
Annual Costs-Tidal Project
Interest & Ammortization $ 113,403,000 $§ 179,040,000
Operation & Maintenance , 2,545,000 _ 3,596,000
Major Replacements 1,148,000 2,206,000
Pumping Power \ 102,000 102,000
Sub-Total Tidal Project $ 117,198,000 -  $ 184,944,000

Total Investment-Transmission Lines

Construction Cost of

Transmission Lines ' $ 48,500,000 $ 110,000,000
Interest During Construction 6,183,000 14,025,000
Total Investment $ 54,683,000 $ 124,025,000

Annual Cost-Transmission

Interest and'Ammortization $ 3,652,000 $ 8,283,000

Operation, Maintenance &

Major Reptlacements 271,000 512,000
Sub~Total Transmission $ 3,923,000 $ . 8,795,000
Lines

TOTAL-ANNUAL COSTS

Passamaquoddy Tidal Project $ 117,198,000 $ 184,944,000
Transmission 3,923,000 8,795,000
TOTAL $ 121,121,000 $ 193,739,000
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charges for the tidal project are based on the prevailing interest
rate for water resources projects of 6-3/8% and a project life of
100 yéars. An avefage setvice 1ife of 50 years was assumed for the
transmission line which would also be financed at 6-3/8%. Although
the Tine may be used by others to wheel power in the future, this has
not been specifica11y identified, and no credit has been assigned to
annual costs. '

2. Discussion of Annual Costs

Major Annual Costs Considered - The following items are

included in the annual costs for the project:
| Amortization and Interest
Replacement of Major Equipment
Operation and Maintenance
Pumping Power (for reverse pumping)
~ Transmission Line Costs

The basis for annual Amortization and Interest costs are

noted in the preceding paragraph.

The annual cost for reh1acement of major items of equipment

is also shown in Table 7 in this section. The totals are $1,148,000
for the 500 MW project and $2,206,000 for the 1000 MW projeci.

These figures are based on the assumption that an equivalent
of 25% of the following items must be fep1aced every 30 years during the
life of the project:

Turbines, speed increasers, and governors
Generators and exciters

Filling and emptying gates

Lock gates '
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INTERNATIONAL PASSAMAQUODDY TIDAL POWER PROJECT

(ECONOMIC UPDATE - NOVEMBI_ER 1_976)

AvnUAL OPERATION & MAINTENARCE COSTS
. ﬁgjn%@ ce Oper*ji on - Contract
ITEM : Labor Material Labor "Material Services ZOTALS
DAMS - 59,900 13,200 - - - 73,100
POVER FL'T W0, 1 | 542,100 135,700 | 756,600 | - 85,100 | 11,400 1,510,900 {
FILL & EMPT, GATES| 162,600 32,200 .] 149,600 19,200 21,400 | - 385,000
LOCKS 36,000 | 7,90 | 414,400 | 34,300 | 6,700 || 499,400
FISHWAYS (Includkd in Powerhquse and Gatg s} . -
R |
LUBEG CHANNEL - - - - - ! -
SERVICE FACIL. 64,000 12,800 - - - | 76,800
PUMPING POWER - - - 162,000 ; - ! 102,000
LANDS & DAMAGES - - - . - -
% RELOCATIONS | 1
. T0T. 500 M¥ PROJ. $864,700 1 $181,800 81,320,600 | $240,600 | $39,500 $2,647,200
POWER PL'T. NO. 2 | $524,000 | $105,000 $533,600 | $155,400 - $1,318,000
$286,800 |$1,854,200 | $396,000 | $39,500 I $3,965,200

i
»

1
it

‘ TOT. 1000 Md PROJ. $1,388,700 °
i
—
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INTERNATIONAL PASSAMAQUODDY TIDAL POWER PROJECT

(ECONOMIC UPDATE - NOVEMBER 1976)

SUMMARY'OF‘ANNUAL COSTS*

500 MW PROJECT 1,000 MW _PROJECT
© INVESTMENT |
{Thousands of Dollara) _
Tot. First Cost $1,432,812,000 $2,205,938,000
Interest Dur. Constr. 342,442,000 596,813,000
Total Investment ' $1,775,254,000 $2,802,751,000

ANNUAL COSTS
“{housands of Dollars)

Interest & Amortizatiop

Major Equip. Repl'm't.

Uper. &_Maint.r

Pumping Power

Total Annusl Goata :

$ 113,403,000
1,148,000

2,545,000

102,000

§ 179,040,000
2,206,000
3,596,000

102,000

$ 117,198,000

$ 189,944,000

* Does not include Transmission Lines from the project site to proposed
connection points in the NEPOOL System.
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Interest at 6-3/8% and the sinking fund method of calcu-
lation was used. |

After construction of the project is completed, various
costs for operating, maintenance, services and supplies will occur.
The separate Q&M costs for the 500 and 1000 Megawatt projects are
éhown on Tabie 6.

Power Pumpihgfis required to maintain higher operating

heads in the high pool during neap tide periods. It is estimated that
approximately 33,997,000 KWH of power w111 be required for the reverse
pumping operation.

The estimated operation and maintenance costs for the

transmission lines are based on the following data furnished by the

Federal Power Commission:

Line Maintenance $647/1ine mile
Capacity:
:
‘ ‘ 500 MW $0.34/kw
1000 MW $0.31/kw

The annual operation and maintenance costs for the trans-
mission lines are broken down as follows:

500 MW Project

156 miles x $647 $100,932
500,000 kw capacity x $0.34/kw $170,000

Total $270,932
Say $271,000
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1000 MW Project

312 miles x $647 $201,864
1,000,000 kw capacity x $0.31/kw $3102000

Total $511,864
Say $512,000

3. Other Misceilaneous Annual Costs Considered

The following possible additional charges to the projecf
were also considered, but were not included 1in the ‘preceding analysis
for the reasons noted:

Salvage Value

Self-Insurance

Loss of Land Taxes

Taxes Foregone .

Net Loss to Fish and Wildlife

The salvage value of the tidal project would amount to the
value of the land. For the project the land required is of small value.
Other practices negiect salvage value on the basis tﬁat the enﬁire in-
vestment should be recovered in the amortization period, On these
bases, salvage has not been used in this study.

“An annual allowance of 0.05 percent of the project first
cost was made in the economic analysis in the 1959 Report as self-
insurance against accidents. This allowance was not computed in the

1963/1964 reports and is therefore not inciuded in this analysis.
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i With respéct to loss of land taxes, it was assumed that

the property obtained for the project would be obtained and held by

a quasi—govefnmenta] agency which would not pay local taxes. Further,
since previous studies showed that the residual values involved would
be too small to influence the computation of costs, the values were
not included in the computation of the benefit-cost ratio.

Regarding taxes foregone, if the tidal project is not

built, the utility companies in New England and Canada wou1d have to
construct equivalent alternative facilities to meet the requirements
of the growing power load. The companies in the U.S. would have to

pay taxes on these facilities. On the other hand, the tidal project
would be quasi-governmental and would pay no taxes which represent a
1o§s in revenue to the people of the United States. Evaluation of

United States water resources' projects customarily includes an item

of taxes foregone in the annual economic cost of the project. However,

this is not the case in Cahada as electric power is supplied by Pro-
vincial organizations. It was concluded that because the tidal develop-
ment is an international project, taxes foregone in Maine would not be
included in the tomputation of the benefit-cost ratio and the cost of
tfda1 power.

The implementation of the project would cause some Joss
:to fish and wildlife through weir Tosses and reconstruction; and clam,
lobster and sardine fishery losses. These losses are considered and

accounted for under Section X E. entitled: Mariculture Benefits.
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X. PROJECT BENEFITS
A. General
' Construction of the tidal projeét would brovide national,
re%iona?, State and local benefits of the following types:
1. Electric Power
Recreation

Area Redevelopment

£ [F3 3 ]

Mariculture (fisherfes)

Total annual benefits associated with the project would ap-
proximate $89,674,000 for the 500 MW project or $130,447,000 for the
1000 MW. Nearly 75 percent of the benefits would be credited to
hydroelectric power generation, which would provide the revenues for
repayment of all project co;ts. Table 8 presents a breakdown of
annual benefits at June 1976 price levels for the four categories,

and discussion on derivation of benefits is provided in subsequent

sections.
TABLE 8
SUMMARY OF PROJECT ANNUAL BENEFITS
(June 1976 Price Level)
Category 500 MW 1,000 MW
Power $64,286,000 $ 94,642,000
Area Redevelopment 19,513,000 29,930,000
Recreation 375,000 375,000
Mariculture 5,500,000 5,500,000
- Total Annual Benefits $89,674,000 $130,447,000

53



B. Power Benefits

As previously stated, electric power would accouht for the
greatest part of project beﬁefits and should provide the entire re-
venue for the project éost repayment, including interest over the project
life. The power would be shared with Canada for consumption in the

EasternlMaritime Provinces,

Butput ffom_the'SOO MW project would be at a capacify factor
of 44 percent;:the capacity factor for the 1000 MW project would be
aﬁproximate 27 percent. The‘Féqeral Power Commission, New York
Regional Office indicates (attachments) the current typé generation
thét would most 1ikely be planned for this range in the load to be .
"combined-cycle" generation. An F.P.C. Tetter, dated 12 August 1976,
{attachment 1} transmitted the following unit costs for combined cycle
generation which are accordingly the unit benefit values (or cost of
alternative} for the Passamaquoddy Tidal Power Project. The unit
values shown in Table 9 are at June 1976 price levels and are provided
for both ten percent (private financing for benefit-cost computation)
and 6.375 percent {Federal financing for "economic efficiency test")
interest rates. . |

TABLE 9
PASSAMAQUODDY TIDAL PROJECT

AT-MARKET UNIT POWER VALUES
{June 30, 1976)

Item Unit ‘Unit Value
: 10.0% 6.375%

500 MW Project

Capacity Value $/KN/YR 45,00 25.50
Energy Value milis/KWH ' 24.0 24.0



TABLE 9 (cont'd)

Item CUnit Unit Value
' 10.0% 6.375%

1000 MW Project

Capacity Value $/KW/ YR 45.00 25.50
Energy Value - mills/KWH 24.0 24.0
Table 10 be]ow-summarizes the total annual power benefits
that would be credited to the 500 MW and 1000 MW. It is noted that
transmission ‘losses of eight percent for capacity and six percent for
energy were assumed.
TABLE 10

ANNUAL *PROJECT POWER BENEFITS*
(June 1976 Price Level)

(A} 500 MW Project

6-3/8% 10%
500,000 KW x .92 x $25.50/KW $11,730,000 $ -
x $45.00/kW . § - $20,700,000
1,932,000,000 KWH x .94 x $0.024/KWH $43,586,000 $43,586,000

Total $55, 316,000 $64,286,000

(B) 1000 MW Project
. 6-3/8% 10%

1,000,000 KW x .92 x $25.50/KW $23,460,000 $ -
x $45.00/KW $ - - $41,400,000

2,360,000,000 KWH x .94 x $.024/KWH $53,242,000 $53,242,000
Total $76,702,000  $94,642,000

*Inciudes Transmission Losses
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C. Recreatipnal Benefits

Recreation benefits would result from construction of the
project. |

Important future growth is expected in Maine's recreation
1ndustry, which is'oné of the states largest income producing activ-
ities. The Passaméquoddy Tidal Pdwer Project, would be one of the few
large scale tidal power plants in the world, and accordingly would
attract a great number of visitors. The Bureau of Outdoor Recreation
reported in 1963 that anyone who visited Acadia National Park,
Moosehorr National Wildlife Refuge and other attractions in the

. . A
region would also visit the tidal power project.

A plan recommended by the bureau included a tourist center
tidal pTant model, picnic areas, boat launching ramps and roadside

overlooks, but did not include any cost estimates,

An analysis of trends in visitation, particularly sightseeing,
at éxisting NED projects including the Cape Cod Canal and several re-
servoirs, indicates that visitation tends to increase every year, but
at a declining rate. For example, at the Cape Cod Canal which is
VnOt a terminal attraction and which attracts mostly sightseers, visit-
ation over the past 15 years has increased at an average rate of 3.7%
annually, but the percentage increase during the early 1960's was

greater than in the 1970's. This same kind of trend also holds true

1
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the project benefits shall be considered to be‘incréased by the
ya}ue of the 1ébor and other resources required for project con-
struction and expected to be used in project operétion, project
maintenance, and additional area employment during the construction
of ‘the project. Otherwise, such labor and resources would not be
utilized or underutilized.
Passamaquoddy 1lies in Washington County, which along with
the adjacent counties of Penobscot and Hancock, was designated as
a Title IV Redevelopment Area under PL 89-136 by the Economfc Develop-
ment Administration. In July 1976, the unemployment rate was 8.9
percent in Maine and 7.5 percent in Washington County} In Pencbscot
and Hancock Counties, the unemployment rates are 9.7 percent and 5.2
percent respectively - 17,600 people are currently unemployed.
The'records of this office indicate that in the average civil
works project, the labor cost approximates 27 percent of total con-
étnuction éosts. The construction cost including contingencies of
the 1000 MW facility is currently estimated at $2,605,339,000; and
the 500 MW facility at $1,621,543,000. Labor's share of the former
amounts to $703,442,000; of the latter, labor's share is $437,817,000.
| However, it is regular practice for a contractor to maintain a
skilled skelton crew and fill the rest of his requirements from the
local labor pool. It is estimated that 75 percent of the laborers will

be locally hired for this project. While not all of this labor will

come from the rolls of the unemployed, the jobs that they leave will
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be filled by either the unemp]oyed, or the under;employed; thus 75
percent is used. For the 1000 MW facility, it is estimated that the
Qork will take 8-1/2 years to complete. For the 500 MW facility,
it is estimated that the work will take 7-1/2 years to complete.

With the interest rate at 6-3/8 percent, the derivation of
the annual redevelopment benefits for both facilities is summarized
as follows: (a)} For the 1000 MW facility, total redevelopment bene-
fits are estimated to be $29,930,000. Of this amount, $3,431,000
are ahnuaT benefits for labor engaged in maintenance and operation.
(b) For the 500 MW facility, total redevelopment benefits are estimated
to be $19,513,000. Of this amount, $2,380,000 are annual benefits
for labor engaged in maintenance and operation.

Table No. 6 in the Operations and Maintenance Cost Section
furnishes a breakdown of 1abor costs for major activities.

An analysis 6f the construction period was accomplished and the
following table gives the estimated annual construction expenditures for
local labor utilized for determining the area Redevelopment benefits

from construction:
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ESTIMATED REDEVELOPMENT BENEFITS

Year 500 MW Facility 1000 MW Facility

Ist $ 34,477,146 $ 37,966,000
2nd | 74,210,531 99,702,475
3rd _ 75,196,095 107,656,180
 A4th 43,343,897 -~ 72,806,000
5th 40,060,269 68,585,300
6th 33,820,659 61,726,800
7th 18,717,446 ‘ © 44,844,300
8th 8,536,957 25,851,400
9th - 8,441,550
$328,363,000 $527,580,000

E. Maficu1ture Beneftis

The construction of the tidal power project could .cause changes
in Cobscook and Passamaquoddy Bays which would increase productivity
of shellfish and other species of fishlife. In view of this, a brief
analysis of the potential increase in fisheries by mariculture as
practiced was made. It is noted that indepth studies shou1d be made
on fisheries if the tidal power project is studied further.

Current fisheries in Passamaquoddy Bay and Cobscook Bay differ
markedly in their séope and value.

Passamaquoddy Bay (101 square miies) has active fisheries in
herring, saimon, soft-shell clams and lobsters. The average landed

value for 1473 tb 1975 for each of these were as follows:
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$393,839

a. Herring
2,000 (one year only)

b. Sa1m6n -

¢. Soft-sheli 90,331 (dramatic decline 1974 & 1975)

clams

d. Lobsters 103,430

| $589,600 (Annually)

Incidental fisheries on alewives and winkles exist but their vaiue is
less than the one year for salmon.

Cobscook Bay (41 square miles) has active fisheries in lobster,
clams, clamworms and Qroundfish such as shrimp and fiounder. The most
important fishery is for soft—she]T clams. The total annual vajue of
this fishery is approximately $1,400,000. The value of the lobster f
fishery is $250,000 and the value of the clamworm industry is $457,000.

Advances in mariculture can be expected primarily in development
of strains of species that will grow faster under the site conditioné
available.

| Another advance to he expected is the value of the product.
It is becoming more and more evident that the ocean cannot supply all
our needs for one reason or another. If we are to have the protein
from this source, these extensive mariculture techniques will have to
be applied.

A summary of Annual Losses and Gains in fisheries, if the

tidal power project is constructed, based on 1975 dollars, is as follows:
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In jenera], there ﬁii] be an anticipated $2,500,000
fisheries 1655 for the entire pfoject. This loss is accounted for
in the estimated net gains for fisheries. |

Gains from mariculture are more speculative, however, it
is estimated that a total annﬁa] gain will notAfal1 below $7,500,000.

The,éstimated minimum annual net gain or bhenefits derived
from fisheries-mariculture is $5,500,000. As noted in Attachment 2
under Annual Gains for Mariculture, the deve]opment of mussels and |
snails (cénned escargot) has excellent potential which could increase
the annual gains well above the cited $7,500,000 for lobsters, oysters,
salmon and trout.

Since the 500 and 1000 Megawatt projects impound the same
bay areas, the estimated annual benefit from fisheries-mariculture is
$5,500,000 for each project.

XI. PROJECT ECONOMICS
A. General

This section provides the resuits of two economic tests: the .
benefit to cost ratio and the economic efficiency test. The bases and
significance of these tests is as follows:

The benefit-cost ratio results from a comparison of all

project annual benefits (power, recreation, area redevelopment and mari-
cu1ture) with total project annual costs, including transmission. In

this analysis the annual cost of the project is partially a function
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of the prevaj]ing Federal interest rate of 6-3/8 percent, while the
assumed powe} alternative 0% "combined cycle" generation used for
computation of project benefits is the most likely privately financed
(10 percent, currently) alternative. The justification for author-
ization of all Corps of Engineers water resodrce projects is measured
in terms of the benefit-cost ratio.

A comparison has also been made between project costs
and benefits, including costs of alternative power sources (combined
cycle) based on comparable financing, i.e. both the tidal project and
its alternative are based on Federal financing (6-3/8 percent). This
test is intended to assure that the Federally financed water resources
development would be a more‘ecoﬁomicaITy favorable addition to the

power system than its privately financed alternative.

B. Benefit-Cost Ratio

Table 11 summarizes the benefit-cost ratio computation for
the 500 MW and 1000 MW projects. Benefits and costs are as calculated
in Sections X and IX of this report, respectively.

TABLE 11
PROJECT B/C RATIOS

(June 1976 Price Levels)
{Based on 10% Priva'te Finance Rate)

. Annual Annual _ .
Capacity Bejef1ts. Costs B/C Ratio
500 MW 89,674,000 121,121,000 0.74
1000 MKW 130,447,000 193,739,000 0.67
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€. Economic Efficiency Test

Table 12 summarizes the economic efficiency test and
resulting comparability ratios. It is noted that recreation, mari-
culture and area redevelopment benefits, which would be realized in-
cidental to construction of the Passamaquoddy Project, would be
foregone by the alternatives. Therefore, the values of the benefits
are added to the alternative in order to obtain a reasonably valid
comparison. |

TABLE 12
ECONOMIC EFFICIENCY TEST
(June 1976 Price Levels)
(6-3/8% Federal Finance Rate)

500 MW 1000 MW

Facility Facility
Alternative Cost
Electric Power 55,316,000 76,702,000
Recreation 375,000 375,000
Redevelopment = ' 19,513,000 29,930,000
Mariculture . 5,500,000 5,500,000
Total 80,704,000 112,507,000
Total Annual Cost
For Passamaquoddy 121,121,000 193,739,000
Project
Comparability Ratio .67 .58

D. Discussion
It is readily apparent from the preceeding analyses that the

tidal project would not afford any immediate relief to already burdened
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electricity customers of New Eng]and, construction costs of the
International Project are prohibitive1y high and would result in
initial-years production costs about double those of the private-
sector "combined cycle" a]terhétivé.

The Passamagquoddy Tidal Project represents both intrigue
and frustration to the hydraulic engineer. On one hand, an unlimited
source of energy js available for development in an area of great
reliance on foreign oil imports. Whereas, on the other hand, dams
of over 300 ‘feet in height must be constructed under adverse con-
ditions to obtain relatively meager hydraulic heads for generation
requiring inordinately large hydraulic macninery.

E. Marketing of Power

Based on.the Project costs a preliminary estimate of what
power from the project would be marketed for as compared to a combined
cycle plant is shown in the following table.

TABLE 13
APPROXIMATE MARKETING RATE*

: : ‘ . Passamaquoddy Private Alternative
Size Project Tidal Power - {Combined Cycle: Plant)

500 MW 62.8 mills/KuH . 34.7 mi11/KuWH

1000 MW _ 82.8 mills/KWH 41.5 miT1/KWH

The distfibution of the estimated marketed cost is further
illustrated as foliows:

*Includes Transmission Costs



TABLE 14
MARKETED COST DISTRIBUTION 500 MW (TIDAL)

Plant Interest & Amortization
Plant Operation & Maintenance
Equipment Replacement

Pumping Power

. Transmission Interest &

Amortization

Transmission Operation &
Maintenance

Administration
Fuel
Total

Annual Cost

$113,403,000

2,545,000
1,148,000

102,000
3,652,000

271,000

250,000
000

$121,371,000

F. Summary of Economic Analysis

Mills/KWH

58.7
1.3
0.6
0.1
1.9

0.1

0‘0
62.8 MiT1/KWH

A review of the project economics indicates that the Inter-

national Passamaquoddy Tidal Power (500 MW or 1000 MW) project is not

economically feasible under present conditions. ATthough the monetary

benefits from power, area redevelopment, fisheries and recreation -have

increased, the construction costs and interest rates have-also in-

creased so that the latest Benefit-Cost Ratio for the project does

not reach unity.

The *Summary of Project Economic Evaluaticn® results in a B/C

Ratic of .74 to. 1.00 for the 500 MW Plant and .67 to 1.00 for the
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1000 MW Plant. This is based on a 100 year tidal power project 1ife,
6-3/8% Federal interest rate and utilizing at-market values for
capacity and energy.

The results of ihe ”Economfc Efficiency Test" also provides
comparibility ratios of less than unity when the tidal power project
is compared to the selected private alternative. The ratios result-
ing from this analysis are .67 to 1.00 for the 500 Megawatt ﬁjant
and .58 to 1.00 for the 1000 Megawatt plant.

The "Repayment Rate" analysis indicates that electricity
from the tidal power project would cost more than that generated by
the selected private a]ternative._ .

From the vérious analysis, the 500 Megawatt faci1itj is more
feasible than the 1000 Megawatt pTant. This is primarily due to the
fact that the 500 MW plant produces 1,932 million kilowatt-hours of
power whereas the 1000 MW piant would only produce 2,360 million kilo-
watt-hours of power. This increase in electrical production does
not adequately compensate for the additional investment costs for a
seéond 500 Megawatt plant. It is also noted that the benefits do not

increase proportionally with the installed capacity size of the project.

Doubiing the power output from 500 MW to 1,000 MW does not

produce a corresponding doubling of energy production. In fact, energy
pkbduction-is increased by only 22%. Not only does energy production
depend on the number of generating units in operation and the turbine
head but also on the areas of the two pools,

In the case of doubling the_cqpacity without altering the relative
pocl areas the rate of head 1oss'js accelerated by the 1ncrea$ed rate
of filling of Cobscook Bay the low pool. This leads to reduced generating
tjme resulting in a corresponding loss of energy production.
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Exclusive of area redevelopment and power, it is opined that the bienes

fits from fisheries-mariculture and recreation would not increase with

the larger'project.

XIII. MISCELLANEOUS
A. General
This section contains various items of information and
data which relate to the project and are considered as matters of
interest. Durfﬁg the course of this effort coordination was made
with other groups and agencies who were accomplishing other project

studies in the Passamaquoddy region.

B. Coordination with the Passamaquoddy Indian Tribal Tidal

Power Project

Buring the early months of the Corps economic update study,
.the Passamaquoddy Indian Tribal Council, Pleasant Point, Maine pro-
posed a small tidal power project and mariculture project in the
vicinity of Bar Harbor in the northerly portion of Cobscook Bay.
Their power plant and dam site would abut the northwesterly end of
the Federally proposed Powerhouse No. 2. Their plant wou]d produce
about 5.2 Megawatts at a total estimated cost of $9,150,000.

The New England Division learned of this small project
when the'Tribal Council made a presentation on 17 February 1976 to the
Federal Regional Council Enérgy‘Resource Development Task Force, of

which the New England Division is a member.
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Thg Tribal Counci is currently seeking funds to further
pian, design, construct and opeﬁate the project. If the larger Federal
tidal power projebt is ever built, the operational prdcedures of the
small plant would most likely have to be adjusted. In any event, it ‘
was recommended to the Council that they coordinate with the New England
Division during their planning stages, with respect to water levels, ele-

vations and inverts of structures, etc.

By letter dated 29 June 1976, this Division responded to
queries from the Pleasant Point Tribal Council and noted various
limitations, constraints and coofdinatidn which would be needed
between the twd projects. See Attachment No, 5 for location of the

council tidal and mariculture projects.

C. Coordination with Prqggsed 250,000 Barrel Per Day Fuels

Refinery and Deepw&ter Marine Terminal at Eastport, Maine

The Pittston Company i$s currently planning a fuel refinery
facility in Eastport, Maine. The firm furnished a report dated 8
March 1976, titled: "An'gnvironmental Assessment Report" prepared
by Enviro-Sciences, Inc. for the refinery project and a "Draft Environ-
mental Impact Statement" dafed 13.0ctober 1976. |

The U.S. Environmental Protection Agency is responsible
for the project's Environmental Impact Statement and since various

Corps permits and approvals are required the assessment report was
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furnished to the;Corps for review and comment. During the review,
it was noted that the refinery ﬁould utilize some of the land formerly
proposed in the tidal project which could affect constrqction, and.
rail/road access to proposed Powerhouse No. 1.

Representatives of the New England Division and the Pittston
Company immediateiy.conferred on the overall siting conflicts and pre-
pared a revised layout sketch which makes the siting of the refinery
compatible with Powerhouse No. 1 and associated facilities.

The refinery project EIS will contain the sité sketch in

addition to the fo]]oWing paragraphs:

Other Federal Projects in the Area

: “Passamaquoddy Tidal Power Project. The Eastport area is
a potential site.for another major Federal Project: the'proposed
| Passamaquoddy Tidal Power Project {the Quoddy Project). Conceived
~in the 1920's, the proposal was for an international energy production
project involving the use of both Passamaquoddy and Cobscook Bays.
Each bay was to be closed by a series of dams, with regulating gates
and small craft navigation locks, to form a two-pcol tidal project.
Continuous power was fo be generated by discharging water from the
high pool in Passamaquoddy Bay to the low pool in Cobscook Bay through
turbines located between the two pools. However, in the early 1930's,

Canada withdrew from the project and work was suspended.
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| In 1935 the Government of the United States undertook
development of a single-pool project using only the waters of Cobscook
Bay on the United States side of the international boundary. This work
was suspended in 1936 when no further funds were made a§ailab1e for the
project.. |

. As the result of continued interest in the Passamaquoddy tidal
power project on the part of the people of Maine and New Brunswick,
" supported by an increasing awareness of the need to exploit all possible
sources of energy, the International Joint Commission was requested by
both governments to study a large-scale international tidal power project

in Passamaquoddy and Cobscook Bays.

In 1964,.recommendations were submitted to the Secretary of

the Interior for authorization of a combination of the Quoddy Project
“and the proposed Dickey-Lincoln School Lakes Project involving the
construction of a hydroelectric dam on the Upper Saint.JOhn River.

These projects have now been separated. The Dickey-LincdIn School
Prpject is in the preliminary design state, and the Quoddy Project has
béen suspended indefinitely while the Corps of Engineers is re-evaluating
and updating the costs of the project.

The preliminary site plans for both the proposed refinery
and deep-water marine terminal at Eastport and the Passamaquoddy Tidal
Power Project have been cpordinatgd between the Pitiston Company and
the Corps of Engineers, New England Division. As shown on the pre-
Timinary sketch, Plate 8 herein, the layout of the two projects

appears compatible.

72



The Pittston Company has been advised that in the event the
tidal power project is authdrized and constructed, there would be
operational and waterborne navigational constraints on shipment of thejr
crude and finished projects. Thié is principally due to the dam systein
and navigational lock proposed in Head Harbor Passage. The water trans-
port route to and from the refinery, as well as the associated docking
facilities, will be in the “low pool" of the tidal project in which the
water 1eveﬁ normally operates between mean sea level and mean lTow water
elevations. The lock would be one of the largest in existence and be

a considerable engineering and construction accomplishment.

The basic tidal power project includes the construction of

a 415' x 60' x 21' deep navigational lock in Head Harbor Passage.
The preliminary estimated Total Investment Cost for this lock is $22,140,000
for which present planning is that the Government will provide all
construction and operation and maintenance coéts.

~In view of possible future havigational needs, two alternate
Targer size locks were considered for the‘project; namely 830' x 120' X
42' deep and 1,250' x 180" x 67' deep; their preliminary estimated
Total Investment Costs are $86,443,000 and $140,167,000, respectively.
The tock size wiTT be a matter for future determination, and based on
costs versus navigational needs and benefits if and when the tidal

project is authorized."

73



D. Real Estate/Engineering Reconnaissance and Lands and Damages

The updated estimated cost for Lands and Damages is $4,074,000
inctuding contingencies and acquisition costs. The estimate is based
on the benefit of a pre11minary field investigation of the project
area within the United States during 12-15 July 1975 by NED Real Estate
and Engineering personnel. The portion of the project in Canada was
not physically inspected for this report and the estimated lands and
damages in Canada have beén increased by using a projection factor.

E. Construction Cost Index Comparisons

The updated project cost estimates are based on the appli-
cable wages, materials, etc. costs as prevailed on or about 30 June
1976. For 1 July 1976, the Engineering News Record reported a Con-
struction Cost Ihdex of 2413. It is interesting to note that escalation
of costs has increased the index as follows in relation to various

reports prepared on the tidal project:

TABLE 15
CONSTRUCTION COST INDEX COMPARISONS
Item ENR_Index
1913 - Base Year for Index 160
1935-1936 -~ Construction Estimate 206
October 1959 Report ' 759
~ April 1961 Report 838
July 1963 Report 909
August 1964 Report 948
July 1965 Report 977
July 1973 Cost Update \ 1901
July 1974 Cost Update 2040
July 1976 Cost Update 2413
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F. Fuel Prices during Study Period
B : .
During the early phases of this study, the Federal Energy

Administration noted that the approximate cost of fuel was:

TABLE 16
FUEL COSTS DURING STUDY PERIOD
Fuel , Cost
CRUDE 0IL
Imported (delivered to U.S.) $13.27/BBL
Domestic $ 9.12/B8L
Weighted $10.76/BBL
COAL °
Bituminous (Transportation not Included)
Contracted ' $16.90/Short Ton
Spot Purchases $22.40/Shor§ Ton
aas j | $ 1.24/Million BTU
© Natural $ 1.661/Mi17ion BTU
DISTILLATE FUEL QIL
#2 Retail $ .4227/Gal
#2 Wholesale. $ .3240/Gal
RESIDUAL FUEL OIL $ 1.825/Million BTU

NOTE: Light oils (#2, Kerosene etc.) are considered in the Combined

Cycle alternative

‘G. Buy American Act.(1966 October)

During the course of the study the question érose if
turbines and generators, etc. which are manufactured in foreign coun-
tries could be utilized in the project.

It appeared that‘monetary savings i@ the vicinity of 20-30
percent could possibly be realized from the purc¢nase of foreign equip-

ment. However, in the late stages of the study the consultant received
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information whichlindicated that foreign equipment costs were ab0ut_
the same as American equipment costs. Further quesiions surfaced as
to the ability of foreign manufacturers to meet equipment delivery
dates and furnishment of replacement parts, etc.

In part, the act stafes in general that American made pro-
ducts have to be purchased and utilized unless the head of the Depart-
ment determines it to be inconsistent with the public interests or the

cost is unreasonable.

In view of the intent of the Act and all aspects it was
determined to be in the best interests to "Buy American" and to
have the cost estimates herein based on that premise.

H. Conservation of Natural Resources

A power plant, such as the tidal project which requires
no fuel, would conserve existing supplies of fossil fuels. The tidal
project would conéerve approximately 2,700,000 barrels of oil, 1,000,000
tons of coal, or 16.5 billion cubic feet of natural gas each year.

In respect to conservation of natural resources, it has
been noted that the annual energy produced by the 500 Megawatt tidal
-power plant is equivalent to approximately 2,700,000 barrels of fuel

0il.
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Aside from the savings in the natura] resource itself
and according to these figures, thé tidal power plant could save
costs involved with pumping, transportation and manufacturing of
0il in the amount of approximately $43,470,000 annually (2,700,000
Bbls x $16.00/8b1).

XIIT. ITEMS REQUIRING FURTHER STUDY

Items requiring further study in connection with the tidai
power project are:

a. A broad investigatioh of construction methods on
structures in the sea.

b. Investigations into financial aspects that can be improved
by the use of Tower interest rates when appiied to the use and conser-
vation of natural resources.

c. A position from which to meet the situation when alter-
native fueled plants are no Tonger competitive because of fuel shortages
or costs.

d. Continual investigation into sizes and types of generators
and turbines which could reduce construction costs.

e. Investigation of reuse of surplus excavated rock and
materials which could bring some monetary revenue, thereby reducing

initial project costs.
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f. Further consideration should be given to the economic-
socio impacts and benefits of Passamaquoddy associated with recreation,
economic development and qua]ity of Tife in the region.

g. Accomplishment of indepth environmental studies to
determine the various impacts caused by the project, and the investi-
gations which consider the impact of natural resource development
on the overall economic improvement in the New Engiand region.

h. Initiation and d;ve1opment of coordination and parti-
cipation programs with Canadian officials and counterparts for a
joint project.

i. Initiation of an Open Planning/Public Participation
Program s$0 as to incorporate the views of interested individuals,
groups and public officials.

Jj. This economic feasibility study did not investigate
the establishment or costs of tiving and support facilities for employees
working on the project. It was considered best to defer this investi-
gation untilt it was known if further study on the project is warranted.
At that time an analysis would be made of the region to determine
whether or not the private regionaj facilities (ie: housing, commisary,
etc.) are sufficient to care for project employees. If not, provisions
for these support Tacilities would have to be considered.

k. Excavaticn for the two powerhouses and water raceways
will produce about 66,000,000 cubic yards of surplus impervious earth-

fi11 and rock which will have to be disposed. Acceptable disposal
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:
lTocations for this material will have to be determined at a later
date as part of environmentai impacts, etc. For this estimate a
disposal area opposite the powerhouses in the deep portion of
Western Passage is beinf utilized. This location was used in the
1959 and 1964 reports. Informal discussions with Canédian fisheries
personnel indicated that thié site was all right for the present but
that further environmental studies would be necessary later on.

1. Additional Real Estate Reconnaissance to inspect lands
and damages in Canada is considered a necessity.

| m. It is anticipated that water temperatures in Cobscook
and Passamaquoddy Bays will rise after the tidal project is constructed.
In view of this, the potentié] of mariculture development in the bays |
should be fully investigated.

n. It is possible that detailed studies would show some
economy in precasting and floating into position filling and emptying
gate structures. The need for cofferdams would be eliminated or re-
duced; and, therebyz it is possible that the overall cost would be
reduced. Further detailed studies to develop this idea should be
conducted in the future. |

0. Investigation of fiscal requirement, user determinations,

economic evaluation, etc. of a larger size navigational lock in the ~

event the proposed oil refinery and the tidal projects are both built.



p. On 10 November 1976 a meeting was held with represent-
atives of New England Power Pianning (NEPLAN) which is the power
planning group for the New England Power Pool companies (NEPQOL), to
inquire how they'view the Passamaquoddy project integrating with the
overall power reqhirements in Néw England. The NEPLAN perSonneT
stated that if the Quoddy project materializes they see a need for
a plant which can provide continuous power for about 14 hours per
day for a five (5) day week rather than a peaking type plant. They
were assuming that the tidal power project might be going on Tine in
the early -mid 1990 timeframe. In view of this comment,.it is re-
commended that a study'be made to review future New England power
needs and redetermination of the mode of operation for the project.
This effort should be accomp]ished in coordination with the Federal
Power Commission, NEPOOL, " and other interested power groups.

g. Investigation dnd preparation of project economics
based on "1ife~cyc1e“ costing methods is necessary, In order to.
respond to a request by the Honorable James B, Longley, Governor of
Maine, a "life-cycle" study will be made and presented in a Supplemental
Report. ‘

r. An updated economic analysis of various All-American
‘tidal power plans in Cobscook Bay is required and will be inc]udgd
in a Supplement to this report. . |

s. Another study into required facilities and associated
costs for providing recféationa1 support facilities in the project

area must be accomplished.
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'XIV. SUMMARY, FINDINGS AND RECOMMENDATIONS
A. _DISCUSSION AND FINDINGS

1. This feasibility report reflects a review and update of
costs and benefits of the International Passamaquoddy Tidal Power
Project as proposed in "Supplement to July 1963 Report, the TIDAL
POWER PROJECT and UPPER SAINT JOHN RIVER Hydroelectric Power Develop-
ment report dated August 1964 and prepared by the Passamaquoddy-Saint
John River Study Commitfee. Its purpose was to determine if the tidal
power project is economica]T; feasible under present day conditions
and price levels and if further investigations and studies are warranted.

2. The total investment cost for the 500 megawatt (MW) and
1000 megawatt size tidal power projebts are $1,775,254,000 and $2,802,751,000
respectively and are based on price levels prevailing on 30 June 1976,

3. During the course of the study, it was determined that
although power is the principal purpose and benefit producer for the
project, other benefits which could be derived are area redevelopment,
fisheries (mariculture) and recreation.

4, The annual costs for the project involve amortization,
interest, operation, maintenance, and periodic replacement of major
items of equipment. _

5. The summation of the pertinent economic figures for the
project based on a 100-year 1ife and at 6-3/8% Federal financing are

as follows:
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Total*

Size Investment Annua’l Annual Benefiit-Cost
Project Cost Costs Benefits Ratio
500 MW  $1,775,254,000 $121,121,000 $ 89,674,000 0.74

1000 MW $2,802,751,000 $193,739,000  $130,447,000 | 0.67

*Includes tidal power project and transmission.

6. Utilizing the Total Investment Cost values, the estimated

-cost of installed power based on'a per kilowatt basis js approximately

$3,660/kw for the 500,000 kilowatt project and $2,927/kw for the

]

. 1,000,000 kilowatt project. These per kilowatt costs are further broken .~

" down against the total investment costs of various project components

as follows:

13

Component
TIDAL POWER .PROJECT

500,000 kw Plant

Dams

Fitling/Emptying Gates
Powerhouse No. 1
Navigation Locks
Miscellaneous

- Transmission

1,000,000 kw Plant

Dams

Filling/Emptying Gates
Powerhouse No. 1 & 2
Navigation Locks
Miscellaneous

Transmission

Total
Investment
Cost

$ 270,441,279
447,360,014
948,374,630

70,854,535
38,223,542

$1,775,254,000

54,683,000

$ 274,227,041
453,622,367
1,937,035,134
71,846,390
66,020,068

$2,802,751,000

124,625,000
$2,926,776,000

82

Cost/kw

$ 541
895
1,897

142

76

$3,551

109

$3,660

$ 274
454
1,937

66

$2,803
124

$2,927



7. Even if the dams, filling gates, etc., did not have to
be built, the construction cost on a per kilowatt measure for the initial
500 MW powerhouse alone is about $1,897/kw which is high in comparison
with other power projects. The total investment costs for furnishing
and installing 40-12,500 kilowatt turbines and generating equipment
is $441,121,000 and the cost of the remainder of the powerhouse is
about $507,254,000. This breaks down into $882/kw for‘equipment and
$1,015/kw for civil structure to house the units.

8. . The high unit price for the powerhouse is due to the low
head (averagé of 11') of the tidal hydro project, The low head necessi-
tates larger diameter (320") sized turbines which in. turr requires
a larger civil structure for equipment containment and operation.

The turbines wouid be the largest ever built. In general, the cost of
- turbine equipment increases approximately in relation to the equipment
radius squared (réy.

9. The tidal phenomenon offers the project a ﬁ%edﬁétable"
year-round flow of water to maintain the anticipated levels of power |
‘output. The facility is not dependent on rainfall or subject to
lengthy drought periods which affect power production in some normal
run of the river type hydropower plants,

10. Considerations which are noteworthy and possess merit
are that natural energy resources would be conserved, and by the nature
of the tidal power project, the following objectives of the Mew England ~
Federal Regional Council's objectives would be met:

a. Reduce the region's high dependence on petroleum

and its attendant high costs,
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b. Reduce the region's adverse weighted éverage energy
. cost differential versus the balance of the United States,

¢. Improve both New England's energy posture and in-
_dustria] investmént climate. |

11. Although the project purpose is power; the Benefits-
‘Cdst ratio based on power alone %s only 0.53 to 1.00 for the 500 MW
facility and is 0.49 to 1.00 for the 1000 MW facility. Power makes
* up about 72% of the benefits derived from either size project.

12. The project benefit/cost analysis is based on price
levels of 30 June 1976 anq was prepared in accordance with current
Corps of Engineers procedures created by Congress in the Flood Control
Act of 22 June 1936, During the courseiof the study, comments from
private and state offices indicated that the project should be analyzed
on a life-cycle cost basis, Brief]y, this relatively new phrase "1ife-
cycle costing”" is the evaluation of alternative systems, a comparison
of their total annual owning, operation and maintenance over the econo-
mic.Tife of the facility. This costing method projects and accounts
for future escalation costs of fuel, operation and maintenance, etc.
fh the analysis and is not limited to utilizing costs prevailing during
the present pefiod. To honor a recent letter request from Governor
James B. Longley of the State of Maine, this Division 15 preparing a
life~cycle costing analysis of the tidal power project and anticipates
its cbmp]etion about 1 March 1976. The analysis by this method is for

information purposes only.
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13. Based upon the below unity Benefit-Cost ratio for the
international concept for tidal péwer, it does not appeaf at this time
that further stddy for a 500 megawatt facility expandab1e to a 1000
megawatt facility is warranted; nor that a Plan of Study should be
initiated to provide additional enéineering and environmental studies
for the international project as such.

14. During the course of the economic updating effort,
noticeable interest was expréssed by various sectors in the tidal
power project that was partially constructed in 1935-1936, The original
project only required about.}-1/2 miles of dams and was comp]ete?y_in
Cobscook Bay and within the United States. As a resu1t’of_this interest, .
the New England Division considers it advisable to investigate and reana’yze
the pﬁbject‘éoSts and benefits which could be derived from the original
smaller project. Further in@estigation into the original project with
some modifications would be beneficial and of value for future deci-
sion making.

"15. That in lieu of terminating further study of tidal power
in the Cobscook and Passamaquoddy Bay region at this time {due to the

low Benefit-Cost ratio of the present international tidal power concept)

the option for this Division to study other possible tidal power alter-
‘natives in Cobscook éay and entirely within the United Statés be con&ucted.
The studies are to bf commenced and conducted in Fiscal Year 1977 with
an anticipated completion date of 1 April 1977.

16. That interested public and private sectors, proper Canadian
authorities and the International Joint Commission be advised of the re-

sults of this economic feasibility study as soon as possible for their

information and future planning purposes.

]
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B. RECOMMENDATIONS (For First Phase of Study Only):

(NOTE: See final Recommendations in Supplement dated
29 April 1977).

For this first phase of study, the Reporting Office recommends‘that:

a. Under the present convéntiona] Benefit-Cost-Ratio (BCR) method
-of evaluation as dictated by Congress for water resource projects, fur-
ther study of the International Passamaquoddy Tidal Power Projects is
not warranted and should be discontinued.

b. This Division continue its investigation and reporting on other
possible tidal power projects in Cobscook Bay which would be entirely
within the boundariés of the United States.

c. This Division honor the request of Honorable James B. Longley,
Governor of Maine, and conduct a "1jfe-cycle" costing analysis of the
500 Megawatt International Passamaquoddy Tidal Power Project for his
information and use.

d. Final decision to terminate or continue further study on a tidal
power project in the region be deferred until the results of the overall
study on a tidal power currently being accomplished by the U.S. Energy
Research and Development Administration are known and ana]yzéd, as well \
as when the additioha] work on All-American Plan alternatives and 1ife-
cycle analysis is completed by this Division in April 1977. Also, if
an alternative tidal power project is found to be economically feasiblé,
that this Division be authorized to initiate a Plan of Study and prépare‘

a Survey Scope type study for the project.
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e. This document be considered an interim Economic Feasibility
Report pending compTetidn of other ongoing studies and our reanalysis

of other tidal power alternatives in April 1977,

87



ATTACHMENTS



s _ ",

rEDERAL POWER COMM!SSIDN
REGIONAL OFFICE -
26 Federal Plaza
New York, New York 10007

August 12, 1976

Mr. John Leslie

Chief, Engineering Division

Department of the Army

New England Division

Corps of Enhgineers

424 Trapelo Road

Walthamn, Massachusetts 02154 _ _ -

Dear Mr. Leslie:

f
i

‘As xequested in your lettexr of Apxil 19, 1976, we have made

a market study and determined at-market and at-site power values

~for the proposed Passamaquoddy Tidal Project (Qunddy). Since the
International Passamaguoddy Engineerina Board report in October,
1959, New England's electric utilities have established the New
England Power Pool (NEPOOL)} and alsdo NEPEX and NEPLAN, NEPOOL op~
exatzng and planning arms, respect1ve1y. The Interconnected New
England System is one of four areas comprising the Northeast Power
. Coordinating Council (NPCC), one of nine Regional Reliability
Councils in North America. The New York State Interconnected Sys=-
tem, New Brunswick EBlectric Power Commission, and Ontario Hydro
axe the other three NPCC entities. In light of these developments
and single system approach fo bulk power supply planning and opera-
tlon in the region, the Interconnected New England System was selected
as the market for Quoddy power. Also, although international in
‘character, for study purposes, as agreed upon with your staff, Quoddy
output was assumed to be utilized solely in the United States, Ace--
ordingly, required transmission for the various project 1nstallat10ns
considered and their economic evaluation were based on the concept .

" of a U.S. market only.,

New England is a winter wneaking region. The 1975 peak demand
of 13.5 million kilowatts occurred on December 19, This is estimated
ta increase to 23.8 million in Winter 85~86 and to 41.0 million in
Winter 9$5-96. Installed capability in New England totalled 20.0
million kilowatts at the close of 1973 and is scheduled to expand

. 10 28.4 million by the end of 1985 and to 51.0 million in 1995, The

following table shows the composition by prime mover type of the,
19075 {actual) and 1985 {scheduled} capabilities as reported by the
utilities on April 1, 1976 in response to FPC Order 383-3:

< L]
-
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* New England
Installed Generating Capability

(Megawatts) )
Fossil Steam - 11914 13062
Nuclear Steam . 3364 10071
1C/GT - 73z 1852
Combined Cycle 90 _' 475
Convent., Hydro : 1308 . 1300
Pumped Storage 1632 ' 1632
Total ' 120040 28392

Of an additional 22.7 million kilowatts currently planned for
the decade after 1985, some 15 million are expected to be nucleax.

Our analysis was based on the description of the project in the
Passamaquoddy-St. John River Study Committee's August 1964 Supplement
to the July 1963 Report of The International Passamaquoddy Tidal Power
Project and Upper Saint John River Hydroelectric Power Development. The
supplement outlines installation of an initial 500 MW and an ultimate
1000 MW of firm, two hour duration, peaklng Pex It assumes operation
of a two~pool plan with supplemental pumping/t he né%p tides and stipu~
lates that the use of reversible pump-turbines to increase the head
~during neap tides will assure the availability of the full installed
capacity during all required peaking periods. Detailed information
" regarding the capacity during off~peak energy production was not avail-
able, but peak and off-peak energy production data shown in the repoxt
for a three-month period indicated operation of the project at a capacity
factor of about 27.5 pergent. Annual operations were assumed to conform
to the operatlng mode dqp1cted for thls three~month perlod.

Examination of long range NEPOOL genexation expansion plans and
systenm load duration curves showed that the New England load could
accommodate Quoddy peaking capacity in the 1990-2000 period. Analysis
of historical daily load curves indicated that Quoddy could be "peaked"
over a two-hour period on a daily basis. There arxre, however, some
reservations regarding the ability to predict future load shapes with
any assurance. The current emphasis in the nation regarding enexgy
conservation and the evolving interest in utility load managenent ralse
the possibility that future New England load characteristics may not
retain the sharp, short duration load "spikes" experienced in the past.
Prior studies by the FPC staff indicated that with some additional pump-
ing, the tidal project could p0551b1y be operated at 500 MW to serve daily

A ]
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peak loads for up to four hours.

In consideraiion of the assumed characteristics of the project,
combined cycle capacity operating at 30 percent capacity factor was
selected as the most appropriate alternative. Capital costs were
estimated at $250/kW at June 30, 1976 price levels, heat rate at
9000 Btu/kWh, and fuel costs at $2.50/million Btu's. Annual capacity
and vaxriable energy costs of power from the combined. cycle alternative
delivered to the NEPOOL transmission network, plus any required adjuste
ments, y1e1d at-market pomx'values.

Project transmission requirements were based on consideration of
projected power flows on the NEPOOL system and the proposed develop-
wment at Quoddy and an assumption that Dickey-Lincoln and associated
transm1551on would be in service. For the initial 500 MW installation,
two 345 kV cutlets were assumed -~ one to the existing Orrington 345 kV
swmtchxng_station near Bangor,: and another to the existing Maine Yankee
345 kV switchyard at Wiscasset. The estimated cost of transmission for
this scheme was about 48.5 million dollars.

For the 1000 MW installation, the Quoddy-Maine Yankee 345 kV circuit
was looped through an expanded Orrington switching stationjand a 345 kW
line was added from Orrington toc a new substation in the Livermore Falls,
Maine area, thence to an assumed Beebee, New Hampshire termination of the
Dickey~Lincoln transmission, and to the existing Scobie 345 kV substation
near Manchester, New Hampshire. Total cost of requiredtransmission for

- the 1000 Mw proposal was estlmated at about 110 million dollars.

Based on the foregoing, at-market and at-site power values as of '
June 30, 1976 for the proposed Passamaguoddy Tidal Project at ten per—~
cent of money (private financing) and 6.375 percent (federal financing)
are estimated as follows: 1
A

Passamaquoddy Tidal Project ' ﬂw* ‘ﬂjj

. At-Market and At=Site Power Values {g. \
" (June 30, 1976) do{,n“""‘

‘ ~' | L . pfl |

RS
g -7 e ‘Af-Market : At-Site .

Cost _of Money % 10,0 6.375 10,0 6.375
500 MW Project - .y |
Capacity Value $/kw/?R 45,00 25.50. ' .28;00 15.50
Bnerdy Value uills/kWh 24,0,  24.0 23.0 = 23,0
1000 MW _Project ' . - .

- Capacity Value $/xM/YR 45,00 25,50 25.50° . 14.00
Enexgy Value mills/kih . 240 | 240 ' 23.0 . 23.0

remTE
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The at-markei capacity values reflect a credit applicd to the
¢ delivered cost of power from the alternative. No adjustment was made
to the cost of energy. At-site values reflect the effect of project
. transmission costs, including losses, on the at-market values.
. . Esd
Pumping energy requirements associated with Quoddy would come .
from nuclear gencrating stationsiin New England. Nuclear capacity
is currently projected to be in the order of 25 million kilowatts
by 1995, This should be more than sufficient to cover estimated
base load requirements and pumping energy needs of pumped storage
capacity in service in the time frame assumed for completion of the
" project. Based on current operating costs, pumping energy costs
from nucleax sources are estiwated at about .3.0 mills/iddh, - e T
If we can be of further assistance to yvou in your studies,
do not hesitate to contact us.

Sincerely,

o ngéIQOQ_QJQJ JC;: ,}%{;LX&“1477&)
James D, Hebscn
Acting Regional Engineer
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'ATTACHMENT NO. 2

POTENTIAL OF MARICULTURE IN THE PASSAMAQUODDY BAY
AND COBSCOOK BAY REGION

Introduction

ThemUnﬁfed States has indicated an interest in reviewing the
current status of the Proposed Passamaquoddy Tidal Power Pfoject. To
this intent, the U.S, Army Corps of Engineers has been directed to up-
date the economics and technology of the original proposal, The Tinal
outcome of this analysis is a first cut "Benefit-Cost Ratio.” This
report wiIJ discﬁss one particular aspect of the overall analysis;
.the potential of mariculture as a benefit to be derived from project
imp1ementaf{bn.

Out of necessity; the report will be superficial in its depth of
analysis. VA‘major_reason for this 1ies in the realm of prediction:

We are dealing with;a réTative]y new field of endeavor but one which is
gainingicontinupusiy.in 1mportance; The problem of predicting a dollar
.va1ue in 1975 fSk 1995'is of particular concern and lends itse]? to
qualitative rather than quantititive analyses.

Methodology

The introduction points the way to the problem of assessing the
potential'fbf mariculture. Hopefully, the methodology will Tead to
a useful conclusion. The probiem will be addressed in five stages,
The first stage will be to identify those species which will Tend

“themselves to maficu]ture in_the proposed environment (Passamaquoddy
Tidal Power Project). The second stage will be to assess the "profit-

abiiity " of those species. The third stage will be to assess the
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expected advances in mariculture technology and the effect those advances
may have on the successful culturing and resultant profit during the
middle 1990's. The fourth stage will be to assess the current fisheries
and their value to the region both now and in the future, The fifth
stage is a summary of expected losses and expected gains,

Where factual and quantitative data is available, it will be
incorporated into the assessment. Where hard data is lacking, a
best estimate will be utilized and so indicated.

There are several pilot adventures into mariculture as well as
Federally sponsored programs investigating techniques and feasibi11ty
of this newest form of food production, Federal, State and private
firms will be queried for their knowledge, No attempt will be made
at generating new data at this time,

Potentia] SPECiés

There are several species which lend themselves to mariculture
in one form or another. The species which have the most promise for
this project are Atlantic salmon, trout, lobster, oysters, mussels and
snails. Thesg species all exist in the region and have been involved
" in a pilot or experimental mode for some time. The exception to this
is the snail. Attempts at mariculture on this animal are not known.
Theré is a potential for intensified sport fishing in the form of

introducing an exotic species, such as Coho or Chinook Salmon,
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EStiméted{Succesé

There is very Tittle data pertaining to the "profitability" of
the chosen species. waeVer; pitot studies indicate that the following

species. can be réared and indications are that they will be profitable,

1. Atlantic Sa]mon'— This species could be "sea-ranched" providing
strains can be déveToped which would require less forage area than
currently required., Estimates of success for this endeavor show a
gkoés of $1,000,0QO annual at 500,000 pounds., 1976 pfices would be
$2.00 per pound. '

2. Trout - These species could be reared in holding pens or cages.
Brpok tr&&fzand rainbow trout lend themselves well to this method.

The activity will center about a summer grow-out and has two Timiting
fatfdrs; the sou;ce.of smal] fish for rearing and the number of suitable
sites within thé bays. ,TotaT production is not known at this time but
it is not inconceivab1e that it could far exceed the sea-ranching of
Atlantic Salmoh'in_poundage. Prevailing value per pound is $2.00.

For purposes of this ana]yéis, an annual production of 500,000 pounds
will be used. No estimate of cost of operation has been méde nor has

. any figure been derived for initial cost of cages and fingerlings,

| The production_of fingertings requires warm water and a hatéhery,
. Solar panels with heat éxchangers can produce the warm water, This
portion of the process cdu]d very well be a business in its own rightf
A centralized hatchery operation could supply the grow-out phase

investors with their supply of fingerlings.
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3. Lobster - There are conflicting points of view as to the time
andisuccess of rearing lobster. The project will create an embayment
which may or may not provide a habitat for semiwild rearing of lobsters,
More than likely, the effect of reducing tidal amplitude and warming .
the water dUring the summer will make highly sophisticated and technical
plant rearing more attractive to this region. Therefore, as a result
of project implementation, the way would be made easier to develop
a series of rearing plants, There may be different phases of this
industry developed. It is not difficult to see separate businesses
and their satellites such as seed stock production, feedlot conversion,
complete grow-out and scampi production, Total production per plant
in the complete grow-out stage would be at least 500,000 pounds.

Current wholesale prices average $1.85 and range from $1.50 to $2,25,
This equates to an annual gross of $750,000 to $1,125,000, Scampi
operations could be expected to repeat this in terms of pounds
produced.

4.‘ _Q_xs_t_gg-f Thfs_ -sp_ecielsf‘ .has‘l'; ﬁ,een cu'llthred in pilot plant and
small commercial estéﬂliﬁhments Shﬂﬁénnuaiﬂgross values range from
.~ $100,000 to $200,000 péramil1ﬁon bjétebé reared and sold. One venture
_ reports a profit potential rangiﬁg ffom'$30,006 to $1n3,000 per million
sold in 1975. This was after an aﬁhua1 operation cost of $77,000 and
an initial investment of $85,000.::5 -

Production would depend upon:suitab1e sites for rearing and
increased market demand. It is not inconcejvable to expect an annual
gross of $500,000. This value could dramatically increase as the demand

for oysters is developed.
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5. Mussel - Of all the species listed, this one is the easiest
‘to culture. As yet in North America, this species does not have wide
acceptance. There have been many attempts at developing local markets.
For various reasons, not dﬁe to thé mussé], they did not succeed.
There are no known values which can be assigned to this species but
it definitely_ﬁarrants an intensive jnvestigation. I feal fhat this
ﬁay be one of the better ventures in mariculture which will show a
high benefit. Best estimate is a 2-3 million dollar annual gross,

6. Snails - A recent development in the fisheries of that area
has provided arnew potential for maricuture. The local whelk has
been the target for a new fndustry. It is captured and prepared for
market as canned escargot. This species is reported to have a high
sales demand and value. Ventures into rearing this specieé cou]& be
varied but a grdw—éut form may be best. It would best work out as a
satellite or ancellary business to fish production, utilizing the
remains of the prebared trout or salmon for food, The benefit to be
takén for.this species is not known, however, it has potential and

should be seriously investigated,

Advances Expected by 1990's

Primarily advances in mariculture can be expected in development
of strains of species which will grow faster under the conditions
available, nutrition and marketing of products. Sources of warm water

will be more sophisticated than they are now,

96



Another advance to be expected is the value of the product, It
is becoming $ore and more evident that the ocean cannot supply all our
neéds for one reason or another. If we are to have the protein from
this source, then intensive maricultural techniques will have to be
applied.

Current Fishéries

Current fisheries in Passamaquoddy Bay and Cobscook Bay differ
markedly in their scope and value.

1. Passamaquoddy Bay has active fisheries in herring, salmon,
soft-shell clams and lobsters. fhe average landed value for 1973 to

1975‘f0r each of these were as follows:

a. Herring - $393,839
b. Salmon - $ 2,000 (one year only)
¢. Soft-sheltl clams ~ $ 90,333
d. Lobsters . $103,430

2. Cobscook Bay has active fisheries in Tobster, clams, clamworms
and groundfish such as shrimp and{f1oundeft The most, important fishery
is for soft-shell clams. The Qaiﬁe of ihis-fishery is approximately
$1,400,000. The value of the lobster Fishery is $250,000 and the value
of the bait worm industry is $457,000..

Summary of Losses and Gains

Values, their sources and assumptions are tabulated later in the
report. In general, there will be an antjcipated‘$2.000,000 Toss for
the entire project. This is divided into a $323,800 loss for Canada
and a $1,666,000 1loss for the U.S. The Toss for the U.S. is somewhat

inflated due to the nature of a worst case assumption on major fisheries,
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Gains from mariculture are more speculative but estimates indicate
a total annual gain will not fall below $7,500,000.

Annual Loéses - Canada

Weir Losses and Reconstruction(1} $129,000
Lobster Pound Losses (M _ 450,000
Clam Processing Losses (1) 109,000
Fixed Loss Total | $679,000x3.18(3)
=$2,159,000
Annual Loss at 6% (2) _ , $129,000
Weir Maintenance(l) (Annua1) §8,000 x 3.18(3)  § 25,500
Clam Fishery Loss (4) {Annual) 90,300
Sardine Fishery(s) (Annual) 79,000
Total Annual Losses $323,800

(1) These values are taken from Report of the Fisheries Board in the
-Investigation of the International Passamaquoddy Tidal Power Project
1961.
(2) Passamaquoddy Report 1958.
(3) Inflation rate supplied by J. Callahan to convert 1958 dollar
value to 1975 dollar value. .
(4) A worst case loss for the clam fishery was assumed’ The report
(see above) indicates a ten-yeaf loss is expected, This assumption
considers a permanent loss,
(6) This value is based upon a 20% reduction in existing fisheries

value. It includes a $15,000 loss for scales}
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1973 $154,000 (36,991 + 332,342) x .2

= §$ 73,856
1974 58,000 (61,562 + 369,725) x .2 = 86,257
1975 59,000 (65,704 + 315,158) x .2 = 74,172
$271,00 = 3 = $90,333 $234,295 + 3 = $78,100
Total = $90,333 + 78,100 = $176,400 x 8,000 x 3.18 =$200,000

There are no estimates for lost groundfish value but they would ndt
exceed $10,000.

It is not anticipated that the Tobster fishery will decline measurably.
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Anriual Losses - United States

Weir Loss and Reconstruction(1) $2,000'x 3.18 = § 6,400

Groundfish Loss(2) , 10,000
Lobster Loss (2) 250,000
Clam Loss(2) 1,400,000

Total Annual Loss $1,666,000

(1) This value was taken from Report of the Fisheries Board in the
Investigation of the International Passamaquoddy Tidal Power Project,
1961. |

(2) A worst case loss for these fisheries was assumed. The values
for the fishefieé were obtained from Maine Department of Marine
Resources fisheries statistics.

(3) There is a viable bait worm fishery which will be adversely
affected by this project. Assuming that 60% of the landed figures
come from Cobscook Bay, the annual value of the fishery is $457,000,
this brings a worst case loss in Cbbscook Bay to over $2,000,000,

Annual Gains for Mariculture

Canada - Passamaquoddy Bay

SaTmon - 1 venture $1,000,000
Trout - 2 ventures 1,000,000
Oysters - 5 ventures | 500,000
Lobsters - 2 ventures ' 1,000,000
Mussels - excellent potential (1,000,000)
Snails - excellent potential *

$3,500,000 ($4,500,000)
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United States - mainly Cobscdok‘Bay

Salmon - 1 venture $ 500,000

Trout - 4 ventures 2,000,000

Oysters - 5 ventures 500,000
Lobsters - 2 ventures 1,000,000

Mussels - excei]eﬁt potential (2,000,000-3,000,000)
Snails - excellent potential -

$4,000,000 (6-7,000,000)
Total Annual Gains | ‘ $7,500,000 (11,500,000)
*Figures not developed, Item needs further investigation., This tofa]
reflects 1975 dollar value. 'The number of ventures in both bays was
a coarse estimate based on protection and ease of establishment of
venture. It doe§ not take into consideration the availability of the
site for its intended purpose,
This value also does not include satellite industries or ancillary
businesses which are developed in response to the primary industry.
It is recommended that a detai]édrplanning study of this phase be
undertaken to identify the numbers of sites available for each type
of operation,‘the extraction of fishéry statistics for analysis in
ferms of 1os§es, estimation of sateT]ite and anc111ary.businesses,
mafket potential for each specie§ and current state of the art in

each species.

Dr. B.E. Barrett
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ATTACHMENT NO. 4

REFERENCES
The following references have been utilized in preparing the
latest updated project cost estimate and benefits in this economic

feasibility report:

1. Report to the International Joint Commission by the Inter-
national Passamaquoddy Engineering Board, titled: Investigétion of the
International Passamaquoddy Tidal Power Project, dated October 1959,

with nineteen (19) appendices.

2. Report of the International Joint Commission, Docket
72, Investigations of the International Passamaquoddy Engineering and
Fisheries‘Board, titled: Investigation of the Internétiona1 Passama-
quoddy Tidal Power Project, dated-Apri] 1861.

3. Report from Secretary, Department of the‘Interior,‘dated
July 1963, titled: The Internaffona1 Passamaquoddy TIDAL POWER PRbJECT
and U?PER SAINT JOHN RIVER Hydroelectric Power Development.

4, Supplement to July 1963 Report, The International Passa-
maquoddy TIDAL POWER PROJECT and UPPER SAINT JOHN RIVER Hydroelectric
Power Development dated August 1964, prepared by Passamaquoddy - Saint
John River Study Committee.

5. Corps of Engineers Manual EM 1110-2-1302, dated 1 NMovember
1967 with Change 1 dated 10 February 1972, titled: 'Engineering and
Design, COST ESTIMATES, Government Estimate of Fair and Reasonable

Cost to Contractor.
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6. Corps of Engineers Manual EM 1110-2-1301, dated 17
March 1972, titled: Engineering and Design, COST ESTIMATES, P1énning
and Design Stages.

7. Several miscellaneous project quantity surveys and cost
estimates for the tidal project, prepared during the general period
.1957-1963, are in the New England Division in their original engineering
computation form.

8. Water Resources Council (WRC) regulations, December 1968.

9, Water Resources Development Act of 1974, 7 March 1974,

10. Senate Document No., 97, 87th Congress, entitled: Po1icie§,
Standards and Procedures in the Formulation, Evaluation and Review of
Plans for use ahd Development of Water Related Land Resources.

11. Senate Resolution 148.

12. Resolution adopted on 21 March 1975 by the Committee
on Public Works, United‘State Senate as sponsored by Edward S, Muskie,
Senator from Maine. _

13. Public Law 94-180, Public Works Appropriations Act for
Fiscal Year 1976 approved on 26 December 1975, .

14. Results of revised‘construction engineering, operations
and maintenance cost estimate prepared.for the Corps of Engineers,
New England Division by the firm of Stone and Webster Engineering
.Corporation, under NED Contract No., DACW33-76-C-0081 dated 28 April 1976.

| 15. Letter from Federal Power Commission, New York, dated

12 August 1976 containing updated power information for the project.
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16, Memorandum dated 10 August 1976 and Supplemental Report
No. 1 thereto from NED Real Estate Division on revised costs for Lands
and Damages. o

17. Memorandum dated 26 August 1976 from NED Planning Divi-
sion on revised benefits derivéd from the project for recreation |

18. Memorandum dated 4 October 1976 from NED Planning '
Division on revised benefits derived from the project for area redevelop-

ment,

19. Report entitled "An Environmental Assessment Report,”
dated 8 Ma?ch 1976 prepared by Enviro-Sciences, Inc. for the proposed
250,000 BPD Fuels Refinery and Deepwater Marine Terminal at Eastport,
Maine, USA.

20, Preliminary proposal, undated, entitled: Passamaquoddy
Marine Resources Development by‘the Passamaquoddy Tribe, Community
Development Office, Pleasant' Point, Perry, Maine.

21. Memorandum dated 1 November 1976 from NED Planning Division

on benefits derived from fisheries and mariculture.
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SUPPLEMENT T0 vaL'A’Bus (4/29/77)

Subsequent to the econom1c eva]uat1on of the proposed 1nternat1ona1
tidal power plan prepared in accordance with conventional methods of
analyzing water resource projects, the New England Division performed
two additional tasks which are incﬁoded in the attached Supplemental
Report dated 29 April 1977. These 1tems are (1) evafuatinq the 500
MW international pian on a "1ife- cyc]e costing” bas1s, and (2) evalua-
ting various tidal power plans whicb are comp]ete]y within the boundaries
of the United States including theiorigina1“]935lp1anrand various
alternatives proposed about that ttoe

Analyzing the 500 MW 1nternat1ona1 tidal power progect from a
life-cycle costing viewpoint, it appears that the benef1ts rrom power
alone would greatly exceed the costs over the 100 year 11fe span of . the
project. The study, pr1nc1pa?1y accomp11shed by FPC, indicated that
after the first twenty years of operat1on, the annua] power benefits
would commence to exceed the annuaT costs of the progect and the Benefit-
Cost Ratio would be greater than 1.0 based on an annual escalation rate
of 5%. Additional anciilary benefits which could be derived such as
area redevelopment, fisheries-mariculture, and recreation would further
increase the desirability of the project from an economic standpoint.
There i5 no doubt that if some of the All-American plans were evaluated

on a life-cycle basis, they would also show greater power benefits than

costs over the life spans of the projects. The tidal power project

deserves worthwhile consideration in that it complies with many pbrinciples,

strategies and goals of President Carter's Energy Program,



An analysis of various Al1-American one and two pcol tidal power
concepts indicat: that their Benefit-Cost Ratio based on nower benefits

alote ranges betveen 0.31 and 0.45. If ancillary Yenefits are included,

the Benefit;Cost Ratio could increase to 0,55 to 0.77. The Total
Invistment Cost J>f the projects vary from $274,045,000 to $635,022,000
and the annual e?ectricaj generation is bdtween 292,000,000 and

615 .000,000 kilcwatt-hours.

In conclusion, it appears that all tidal power projects evaluated
in che PassamagLoddy region under this study effort and the separate
ERD\ study, uti]izing the conventional method of analysis, ére not
ecowomically feesibﬁe under present conditions and that further study
is 10t warrantec.. Viewing tida? pdwer from a Tffe-cyc]e basis, the |
anticipated power benéffts could be expected to greatly exceed the costs
ove~ the 100 yeir life span of the project, however, to officially

evaluate the prcject by this method may require legislation.
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I. INTRODUCTION - R AT

During the latter stages of,thejpneparation'of the 30 November 1976
report which reported the estihated_tosts, benefits and écondmic
feasibility of the International Tidal Power Project, two other elements
of work arose which required additiqga] investigation and study. These
items were:

a. Analyze the international tida] power project on a life-cycle
costing method which utilizes variable costs and considers price
escalation for fuels, operation and maintenance, etc. over the life
of the project. (Requested by Hon. James B. Longley, Governor of Maine).
| b. Investigate and analyze a fiqél power plan which would be
entirely within the United States (A]] American Plan) and identical
or similar to the.project for which ;onstruction was started in 1935
and stopped in 1936 before the projggt was completed.

One of the reasons for investigéting the All-American Plans was that
informal information indicated that the Canadians might not be too inter-
ested in developing tidal power 1n‘fﬁe Passamaquoddy Region since they
possess better.tida1 power sites ih'the upper sections of the Bay of Fundy.
Some of their preliminary investigatﬁons indicate that they can generate
more electricity and at Tess constrdgfion cost. In the fall of 1976, their
initial work concluded that the results of preliminary study warranted

further study on the subject.



The a1ternative projects being evaluated herein are completely within
the boundaries of the United States in Cobscook Bay and are of the
single and two~pool concepts.

" In the current re-evaluation, each of the major construption items
have been ré~estimated and annual costs computed, ‘The estimated annuaf
benefits which can be derived from the project have aiso been tabulated.
In addition, some project médifications have been considered and their
description and cost are included.

I1. SUPPLEHENTAL INFORMATION

Sections 11! through VI of this Supplemental Réport pertain to the
Al1-American tidal power plans and Section VII presents the Life-Cycle
Cost Study. The Supplemental Summary and Recommendations are included

in Section VIII,

The work under this supplemental phase of study was accompliéhed
by the following:

Participant Assignment/Task

Federal Power Commission Preparing data, providing and

running the computer model for
"1ife-cycle" costing

New Eng1and'Division

‘Engineering Division Preparing up-to-date construction
‘ cost estimates of All-American tidal
power plans, study management,
coordination, technical input, and
report preparation

Planning Division Area Redevelopment, Recreational and
Fisheries Benefits

Real Estate Division Prepare up-to-date costs for Lands
and Damages




II1. DESCRIPTION OF ALL AMERICAN PLANS

A. Single Pool System

The project selected in 1936 was known as "Plan D" and utilized
Cobscook Bay as a:high'poo]'with the ‘powerhouse discharging water into
Western Passage. Although considered:‘in the original plan, pumped storage
facilities were not included in the construction of the project.

Three basic alternative plans of deve1bpment were initially
considered. Each plan employed the'same general principle involving a
single tidal poo! and auxiliary pumﬁéd storage plant and reservoir or
an auxiliary (diesel) generator to supply continuous power, but
differing in methods of utilization.-

Specifically, the plans were-
way flow through the turbines. In this ptan, power generation would
occur on the incoming tide as soon as the difference in levels between
the ocean and Tow pool exceeded approximately 5% feet and would
continue through the rising and faTﬂﬁhg tide until the difference in
head between the ocean and the low pool again reaches 5% feet. A

pump sto?age p1ant was to be'Tocateﬂ‘at’Haycock Harbor. Emptying gates

w0u1d be opened to empty the bay to approximate]y Tow tide 1eve1
Th1s p]an of deve]opment contemp?ated the continued use of Cobscook

Bay as a 1ow 1eve1 poo1 1n the u1t1mate 1nternat10na1 two pool proaect



Plan 2 - Cobscook Bay developed as a high level pool with
one way flow th%bugh the turbines. In this plan, the géneration of
power would start on the outgo%ng tide when the head differential
axceeds 5% feet and would continue through the low tide and the incoming
tide until the difference in level between the high pool and the ocean
again reaches 5% feet.

A system of filling gates would be opened to refill the bay
to appfoximate1ylhigh tide level..

Plan 3 - Cobscook Bay developed as a high level pool with
provision in initial structures for flow in either diréction. This
plan is simi1af to plan 2 with the exception that provfsion is made
in initial structures for utilizing Cobscook Bay as either a high or
low level pool initially and/or u1timaﬁe1y. The power station would be
designed with reversible flow turbines and the f1111ng/emptying gate
structures would be designed for flow in either direction.

A1l plans initially proposed to include 10 generating units
with provision for installing 10 additional units at a later date.
The 10 units would be 15,000 kw each with a total flow rate of 160,000 cfs.
The water wheel ‘generators would operate when the tidal head difference
was 5% feet and above for a period of approximately 7 hours each tidal
cycle. The pumped storage plants were to be provided as aux11iary means
of power generation to supplement the tidal plant. Subsequently, turbine/
generator unit sizes were changed and a flow of 78,000 cfs was determined

necessary for the 10 generating units.

S



The average annual output”ﬁ?'power for Plan 2 was 257,000,000
kwh of continuous power, and increased to 340,000,000 kwh with 100% load
factor when the pumped storage facfff%y was eliminated, howevér, power
supply was intermittent. ﬂ

Plan 2 was recommendéd ?oﬁjtonstruction on 14 September 1935.
However, the project was re-evaluated and various other alternatives were
presented. An alternative known-és iplan D" was finally recbmmended'and.
approved in May 1936. This plan is basically Plan 2 with the following
major modifications: | 3

a. Deletion of pumped stqfﬁge facilities at Haycock Harbor.

b. Reducing the number ofﬁhydro turbine/generators from
10 to 5 in the tidal power piant.jqé'

c. Adding a 30,000 kw diesel auxiliary power plant.

d. Reducing the genérator sizes from 15,000 kw to 12,500 kw
each. The annual electrical ﬁroducf%én was estimated at 308,000,0d0 kwh
in 1ieu of the 257,000,000 kwh for Plan 2. |

In 1934 the Dexter Codper dfganization endeavored to obtain
3 loan from the Public Works Administbation but the application was
disapproved. In the interim, the Méﬁhe State ﬁ]anning Board recommended
adoption of the project as a Federaljpfoject. Subsequent]y; an allotment
of $10,000,000 was approved by ﬁresf&ent Franklin D. Roosevelt from
the Emergency Relief Appropriafion'0¥%1935 for initiation of the project.

B. Description of 1935-1936 Project (Plan D) (See Plate 1)

Construction Components

The plan provided for a p§9§r plant with 5-10,300 HP vertical
turbine/generator units 12,500 kw each totaling 62,500 kw, and a 30,000

kw diesel auxiliary power plant.



The total estimated gross annual output was 308 million kwh. Future
expansion of the facility called for 10-12,500 kw units. The project
was based on.oné-way flow using Cobscook Bay as a high pool. Other
major items besides the power plant were:
. Filling gates (On Treat Island) (12 each) (30'x30"venturi
type)
. Navigation Lock (On Treat Island) {56'x360')
._Damg:
Carlow Island (Completed ) (1,500")
Pleasant Point ( Completed) (2,700')
Eastport (3,400')
Treat-Dudley (Started but not Completed)
Lubec (3,800%)

Construction Costs

The total project cost estimate dated 22 May 1936 in the
amount of $37,985,250 is shown in Table No. 1.

Energy Production

The total gross energy production was estimated to be

308,000,000 kwh .

~Annual Charges _
The annual charges were estimated to be $2,409,760 for
the installation.

Corps of Engineers Responsibilities

The Corps of Engineers was assigned to accomplish the engineering,
design, construction, supervision and administration, and real estate aquisi-
tion activities for the project under the direction of the District Engineer,

United States Engineer Offfce, Eastport, Maine.

6
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TABLE 1
REVISED ESTIMATE PLAN D

{Including all Overhead by Project Items)
(22 May 1936 price levels)

Ttem 1 EQSEPOFE DAM ..vvrevenernernnennnenennnss e .$ 8,001,510
Ttem 2 LuBEC DAM vevvvererrerrenrannnnnnns e 3,967,600
‘Item 3 Navigation Lock - Treat Island ......... Ceseeen ceeeas 1,129,700
Item 4 Carlow Isiand Dam ............ Phrateaenens Cerreaavae . 216,000
Item 5 Pleasant Point Dam ....... chiesesans Cereeeietiiaaanan 295,100
Item 6 Treat-Dudiey Isiand Dam ..... Cerrreeean et eseeervans 334,000
Item 7 Fil]ihg Gates (In Treat Island, 12 Unit - 2/3 Capacity
| with Si11 at Elev. -25.0)............. 5,214,900
Item 8 Powerhouse at Carryingplace Cove ~ 5 Unit ........... 14,868,540
Item 9 Dieéel or Steam Auxi1ﬁary (30,000 kw) .......f.....;. -3,867,900
Total - Revised Estimate Plan "D $37,985,250

Power Hydraulics

The project was based on a one-way flow principle of tidewaters
passing through the powerhouse from Cobscook Bay into Western Passage,
an entrance to Passamaquoddy Bay. [t was estimated that water flow through
each tqrbine would be approximate1y 7,800 cubic feet per_second at an
average head of 12 feet. -

C. Two-Pool Systems

Early in 1936, four alternate two-pool plans within Cobscook
Bay were investigated and the most economical of the four was submitted with

initial and annual costs, power output and benefits. A comparison was also



made with single pool Plan D as described earlier. This two-pool
plan was designated as Plan #4. TWOfPOOT plan #4, shown on PTatg:2,
¢on$i§ted‘of the following features:

a. An inter-pool dam 12,000 feet long from Leighton Point
to Razor Island to Seward Neck with a small navigation Tock and 5 unit
( 40 MW) pbwerhouse.

b. Six 60 foot opeh-type filling gates and a 1000-foot
wide filling channel cut to -30 feet m.s.1. across Seward Neck. |

c. OQuter-pool dam, 4,200 feet tong from Shackford Head to
Seward Neck, with six 60 foot open type emptying gates and a 56'x360"
navigation lock.

The three alternate locations for the dams, locks, and power-
house that were to divide Cobscookaay into two pools are summarized
as: |

ATteﬁﬂiEE;L - Inter-pool dam with Tock and powerhouse from Leighton
Point to Denbow Point and the outer pool dam with Tock and emptying

gates from Shackford Head to Seward Neck. This p]aﬁ‘ﬂobld also require

a dam across South Bay and a f1111ng channel: across Seward Neck and from
Federa1 ‘Harbor into straight hay. - o |

| A]tengggg_g - Inter-pool dam w1th fock and powerhouse from Leighton
Point to Seward Neck and the outer poo] dam with lock and emptying
gates from Estes Head to North Lubec by way of Treat, Dudley and Rogers
Islands. | -

Alternate 3 - Inter-pool dam-wfth 1oék and powerhouse from Birch

* Point to Seward Neck with the outer pool dam.located as in Plan #2.
Sketch type layouts of the miscetlaneous alternatives and plans in

Cobscook Bay are shown on Attachment No. 4.
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In the above plans, inéluding Plan #4, the inner portion of
Cobscook Bay would be utilized as”the high level pool. The change in-
pool area with the change in tidaiﬁéfage is greater in this portion of
Cobscook Bay than the outer part. A1so a.substantia11y greater-length
of shoreline may be adversely affected if the inner basin ware operated
as the low pool. Some mud flats may be exposed with Tow tide basin
development. - |

D. Power Generation (1936 Concept)

In 1936 the plan of power'generation was to supply 36;000 kw
of power 100% of the time as shown by the curves in Plate 3 (Plan D)_
and Plate 4 (Plan #4). Any output above the 30,000 kw was considered
surplus. The diesel auxiliary was‘to firm power at the site whenever
there was insufficient hydrau]icjhééd between the upper and lower
pools for power generation.‘231ﬁcé 1936, however, the cbncept of
auxiliary at-site power went out of date with the formation of the
regional system of NEPOOL where the t1da1 plant would stand strictly
on its own. _

Plan D required a 30,000 kw auxiliary because of the intermit-
tent operational characteristics of a single-poo] system. The two-pOO}

Plan #4 could produce power continuous1y but at varying amounts,

therefore, only a 15, 000 kw aux11;;ry was requlred

Table 2 shows the capacfﬁy and. estimated annua1 net energy
output of each s1ng1e and two-poql;p]an, The annual energy output
shows energy from tidal power‘a]Qﬁél Output from auxi]iaryfsoﬁrces

are not included.
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TABLE 2.

ALL AMERICAN TIDAL POWER PROJECT
{Tidal Power Only)

Number . Number Annual Net-

- of -of Energy Output in
Plan - _Pools =~ Generating Units - kwh (Tida1‘Power Only)
Pland 1 5 (12,500 kw ea) - 180,006;00a |
Pland . 1 10°(12,500 kw ea) 341,000,000
PlanD . 1. 20 (12,500 kw ea) 615,000,000
Plan #4 2 5(8,000 kwea) . 292,000,000

E. Power Consumption

~ The use and integration of the sma11er‘A11 American tidal
power plants would have to be subject of further study by interested
agencies, the power companies, etc. in the New England area.

‘For comparison purposes, the two pool Al American P]an.

without auxiliary will produce approximately 292,000,000 kwh of

~ electricity annually and the S.C. Moore hydro plant in New Hampshire

on the Connecticut River produces 251,000,000 kwh each year. The

existing Comerford Plant on the Conhecticut River produces 307,000;000 :

kwh; the Wymah Plant on the'Kennebec River produces 320,000,000 kwh,

‘and the Weldon Plant on the Penobscot p?oduces 110,000,000 kwh.annua]ly.

-To briefly present the general'électricé1 production and
requirements;scenario‘in New England, the following data is also

included:
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a. Forecast of Total E]egtric Power Consumption in New Enb]and*

Year Annual_ Kilowatt-Hours L.F.
1974 82,787%929,000 (actual) 62.2
1985 183,613,000,000 62.1
2000 363,704,000,000 62.3

*Extracts from NEEPS, July 1973.

b. New England System Capability (Winter-Megawatts)*

1977/1978  1986/1987

Total Capability 29,950 MW = - 30,631 MW

Total Peak Load - 15,217 MW 24,379 MY
% Reserve before Maint, 44 ,2% 25.6%

Est. Peaking Capacity,.(20%) 4,000 MY 6,000 MW

*Extracts from NEPLAN, 1 Jan 1977, (See attachments 1 and 2),

c. According to the Electrical Utility Industry in New
England StatisticaT-Bu]Tetinrbf 1975, “the net energy generated in
Ma“ne in 1975 was 7,650,000,000 kwh?and the total energy sales to
.ul:imate customers in Maine in 1975 was 6,328,000,000 kwh.
1V, ESTIMATED PROJECT COSTS (A1l American Plans)

"A. Construction Cost Estimates

‘Table 3 shows the total construction cost of the A1l American
singie and two pool plans.

The estimates are based on the following criteria:

1. The 1936 project cost, column 1, was tabulated for
coﬁparisbn'purposes.- Project coéts’shown in this column were developed

by taking the direct government costs of 1936 and adding 23% for contractor

15



0verhead‘and profit. The costs of Carlow Island and Pleasint Point
dams were not included since thé& were already built in 1936,
| 2. Column 2 is a June 1976 cost estimate of the 1936 project
{P]an.D). | -

3{"The tabulated costs, columns 2 through 6, are hased on wage
rates and material costs as of 30 June 1976. Cdntractofé' overhead and
profit of 23%lare'inc1uded. |

4. A contingency factor of 15% was utilized for all labor,
materials and equipment.

5. The tidal power project layout concept is basically the
same as the 1936 project.

6. The allowance for government costs which cover engineering
and design (E&D), supervision, inspection and administration (S&A)
during construction has been estimated at 10%. | |

7. . The construction period for either singie or two pool plans ‘
with the 5 and 10 unit powerhouse structures were estimated at 3 years,
and the 20 unit plan was estimated at 4 years. Plan D in 1936 was
scheduled for completion in 4 years.

8. Construction methods, equipment and materials proposed in
the 1959 International Passamaquoddy Tidal Power Project report and other
reports were similar to those that would be used in an A1l American Plan
today.

9., The project is based on a 100-year life.

10. An annual interest rate of 6-3/8% for return on investment

and interest during construction., The 6-3/8% interest rate has been

retained in accordance with Engineer Circular 11-2-126 dated 20 July 1976.

16



11. 1t was estimated-that one quarter of major mechanical
eduipment would have to be rep]acedgevery 30 years.

12. It was considered tha%@the project will have total
Fedqra1 funding and that'there.wouigibe no non-fFederal investménts.

13. Service equipment in the 10 and 20 unit powerhouse plans
include such items as tugs, derrickﬂboat, mobil crane, etc. These |
were carried separately since thefrikeplacement rate is more ?requent
dur1ng the 30-year per1od &

B. Proaect Annual Costs

The estimated total annual costs for the five All American

plans are shown in Table 4. Annua1f1nterest and amort1zation charges

are based on the prevailing 1nteres) rate for water resource projects of
6-3/8% and project life of 100 years._ Operation and maintenance costs
include fuel, Tabor, supplies and misce11aneous equipment Major.
replacements make allowance for 25%: of the turbines, speed increasers,
governors, generators, exciters, f111ing and emptying gates and lock

gates to be rep]aced every 30 yearsg#uring the 1ife of the project.

58
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PASSAMAQUODDY TIDAL POWER PROJECT COSTS
ALL-AMERICAN PLANS

"PLAN 1" VARIATIONS (1 pool) : "YPLAN 4" VARIATONS {2 pools)

gl

1936 §-12,500°K  10-12,500 W 20-12,500 KW  5-8,000 KW 5-8,000 KW
Project Features Project units with units with units units with units
o Cost 30,000 KW aux. No aux. No ayx. 15,000 KW aux. No aux.
_ m (2} (3) {4) {3} 3]
1. Dams* 10,795,000 40,524,000 33,199,000 31,599,000 45,609,000 45,609,000
2. Navigation tocks 1,028,000 7,952,000 7,962,000 7,962,000 12,500,000 12,500,000
3. Filling & Emptying 4,749,000 40,588,000 40,588,000 57,500,000. 32,850,000 32,850,000
Gates '
4. Power House 14,033,000 98,930,000 175,166,000 334,088,000 74,100,000 74,100,000
5. Auxiliary Power ' 3,600,000 14,400,000 - - 7,800,000 .
6. Service Facilities . . 880,000 1,000,000 - -
7. Relocations - - 7,144,000 9,619,000 - -
8. Fishways - - 2,000,000 2,000,000 3,000,000 - 3,000,000
9. Filling Channel - - - - 28,800,000 28,800,000
16. Sub-Total 34,295,000 202,404,000 266,939,000 443,768,000 . 204,659,000 196,859,000
11. Contingency 15% 5,144,000 30,361,000 40,040,000 66,565,000 30,699,000  29,529,000.
12, Sub-Total 39,439,000 232,765,000 306,979,000 . 610,333,000 235,358,000 226,388,000
13. E&D and S&A 10% - 23,276,000 30,598,000 £1,033,000 _23,536,000 22,639,000
14. Sub-Total - 256,041,000 337,677,000 561,366,000 258,894,000 249,027,000
15. Real Estate (includes - 1,100,000 1,100,000 . 1,100,000 1,100,000 1,100,000
20% Contingency) . ' : :
16. Service Equipment - - 533,000 746,000 - -
17. Total Construction 39,439,000 257,141,000 339,310,000 563,212,000 259,994,000 250,127,000
Cost (First Cost) . : )
18, Interast During - 24,589,000 32,447,000 71,810,000 24,862,000 23,918,000
Construction ) .
19. Total Investment Cost . - 281,730,000 371,757,000 625,022,000 284,856,000 274,045,000

*Pleasant Point and Carlow Island Dams are constructed.

TABLE 3




Total Investment Cost

Construction Cost

Interest Durihg
- Construction

Total Investment

—

O

-Annua] Costs

* Interest &
Amortization

 Operation &
Maintenance

Major Replacements

Total Annual Costs

5-12,500 kw units

PROJECT “ANNUAL COSTS

(June.1976 Price Levels)

10-12,500 kw units

20-12,500 kw units

5-8,000 kw units

5-8,000 kw unit:

w/30,000 kw aux. no aux. no aux. W/15,000 kw aux. ne aux.
Single Pool Single Pool Single Poo]l Two Pool - Two Pool
() {Z). (3)__ ' {4) )
$257,141,000 $339,310,000 $563,212,000 $259,994,000 - $250,127,000

24,589,000 32,447,000 71,810,000 24,862,000 23,918,000
$371,757;000 $635,022,000 $284 ,856,000 $274,045,000

$281,730,000

$ 17,997,000

6,142,000
153,000
$ 24,292,000

e

¢ 23,748,000

815,000
324,000

 $ 24,887,000

Dol

i

$ 40,565,000

1,129,000
601,000

$ 42,295,000

$ 18,197,000

3,531,000
118,000
$ 21,846,000

$ 17,506,000

718,000
95,000

$ 18,319,000

TABLE. 4.



V. PROJECT BENEFITS
A. Geneta1-

The {nternational and/or All-American tidal power projects,
whatever size evaluated, are basically proposed for the purpose of
prodiucing saleable electric power. Power benefits are the primary
basis for evaluating the project and are displayed for each of the
five A]T-Américan plans previously described. In addition, other
ancillary benefits from area redevelopment, fisheries-mariculture,
and recreation will be derived from construction of the project.
The following Table paragraphs discuss fhe anticipated benefits:

TABLE 5

Summary of Benefits

At1-American Plans
Estimated Annual Benefit Values

Type of Benefits (1) (2} (3) T (8) _ (5)

Power $ 8,123,000 $ 7,693,000 $13,874,000 $ 8,6N5,000 § 8,244,000

Area Redevelop- 3,670,000 4,555,000 7,219,000 3,702;000 3,660,000
ment .

Fisheries- : 1,834,000 1,834,000 1,834,000 1,83¢,000 1,834,000
Mariculture :

Recreation _ 375,000 375,000 375,000 375,000 375,000
'Tota1s $14,002,000 $14,457,000 $23,302,000 $14,516,000 $14,113,000

B. Power Benefits

The production and sale of electric power would account for

the greatest part of the project benefits and should, over a period of

time, providé the entire revenue for the project cost repayment,

including interest. Annual energy generation quantities were taken

from the 1935 to 1937 Passamaquoddy Tidal Power Development Studies
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which provided a comprehensive scoﬁing of single and two pool tidal

| arrangements.i Although modes of 0§§ration may differ somewhat if the
project were to be comp1ete1ylreSfﬁ§ﬁed today, it is believed that these
figures are appropriate for this ﬁgﬁbrt; Table 6 shows the value of
tidal power used to compute power benefits. The selection of.capacity
and energy values for a single podj*system.were arrived at from the

following observations: =

" Any single pool tidal power plan would provide ienergy genera~
tion as a function of the lunar cy?}e - and different than that of
the solar cycle. The lack of storgqg-generation éontro1'causes
generation out of phase with the eTéctrica1 load and accordingly,
the time availability of energy wgg}q vafy'daiTy. Generation cannot 
be relied upon at all times. .Congg9uent1y,_no power would be firm
on the load in the traditional sense, and the value of the tidal plant.
would be limited. Therefore, theu%jdal plant would have practi¢a11y
no:capgcity value. |

" Tidal pdwér"§e55rat16n._0ﬁ;}he other hand, would be entirely
predictable, renewable, and heafl}?fndependent of the climatic |

variables of a traditional hydropéf

r installation. Scheduling of
generation could be made months iﬁfhdvande; The tidal plant's role
would seem to be best as a "fuel saver", a producer of Maximum energy
whenever i1t occurs, allowing thoseipTants WTfh the highest associated
fuel costs to shut down when tidal power is available. The value of
this_intermittent energy woufd bgHQIrectly dependent on the generation

mix in the NEPOOL system.
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Today,_the generation mix includes all types.of plants - nuclear,
0i1 and coal-fired steam, gombined—cyc]e, gas turbines and hydro (con-
ventional and pumped-storage). With the exception of nuclear, it is
believed that, at one time or another, any of the types would be in a
position in the New England Toad to be replaced by tidal power in the
NEPOOL system, and therefore, the value of the tidal power as replace-
ment should reflect a conglomerate of all types of system fuel costs.
An exact value for this weighted conglomerate cost is‘difficu1t to define
but a June 1976 price level value for the tidal power of 24 mills
($.024) per kilowatt-hour seems reasohable for this study. This is
meant to represent an average cost for all fossil fuel derivative
generating lybe#.

The two poo]iunit values in Table 6 are the samé as those used
for the 500 MW International Project (10% privatelfinancing only for
benefit-cost computation}. In many respects its operational character-

istics could be considered similar to those of the larger International

project. -
TABLE 6
Passamaquoddy Tidal Power Project
ﬁT]-American Plans
At-Market Unit Power Values
1 {June 1976)
L ‘ Unit Value
Item Unit Single Pool . Two Pool
Capacity Value*  $/kw/yr. 0 ' 45.00
Energy Value mills/kwh - 24.0 | 24.0

*Single pool systems do not have dependable capacity therefore no
capacity value was given,
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The following table (Table 7) summarizes the total annual power
benefits that would be realized from each plan. Transmission losses

of eight percent for capacity andxgig peﬁpent for energy were '_'

assumed. L
TABLE 7
Passamaquoddy Tidal Power Project
ATl -American Plans
Annual Project Power Benefits
(June T9/6 Erice Levels)
Capacity ... Net Energy Annual Benefit
Plan (M) (GWH) {($/yr)

(1) Plan D w/5 units & 62.5 305 $ 8,123,000
30,000 kw auxiliary S o
(2) Plan D w/10 units 125 ., . 341 $ 7,693,000
no auxiliary power B '
(3) Plan D w/20 units 250 ~ 615 © $13,874,000
no auxiliary power. ks _ .
(4) Plan #4, 2 pool . 40 308 - $ 8,605,000
w/5 units & 15,000 kw _
auxiliary - ' - i
(5) Plan #4, 2 pool - 40 .. 292 . $ 8,244,000

w/5 units, no
auxiliary power

C. .Recreation Benefits

It is considered that the véide of benefits from recreation
would be approximately the séme f0r each of the smaller Al1-American
tidal power projects as for the larger international plans. The
estimated present annual U. S. dollar value is $375,000 based on

300,000 visitor days per year and a daily rate of $1.25 per day. This
_ Al ‘ »
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annual visitation dqes not appear to be abnormal as it is our under-
standing that in 1975 the lLa Rance, France, tidal power-project'attracted
approximately 300,000 tourists.

D. Fisheries-Mariculture Benefits

The consiruction of "All-American" tidal power plants, those
which can be bonstructed entirely within the boundaries of the United

States, would preclude damming and impounding the waters of

Passamaquoddy Bay which'ié mostly in Canada. The Al1-American
projects are also within the Timits of Cdbscook Bay, approximately
41 square mileﬁ in area and the eva]uatiqh of fisheries benefits are
therefore limited to this bay. As noted under the international
plans, Cobscook Bay has active fisheries with a total annual value
of $1,400,000. With the construction of a tidal power project in
Cobscook Bay it is felt that more advantageous conditions would
preveil for fishing and development of mariculture practices, although
there would be some fisheries losses realized. It is estimated that
there would be an annual gain through mariculture of $3,500,000 and’
a possible annual fisheries loss of $1,666,000 for a net benefit of
$1,834,000. It is considered that this annual dollar benefit would

apply to any of the five(5) A]]-American tidal projects considered.
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E. Area Redeveiopment |

-1‘&'1\,

|

The bacquound for any of the A11-American plans evaluated is
5

bas1ca11y the same as prev1ous1y ment1oned for the 1nternat1ona1

t1da1 power p1ans Assumpt1ons for est1mat1nq the AR benef1ts are

based on construct1on cost plus cent1ngen01es, that local 1abor will
Co- PR :
te 75% of the total 1abor cost (27%) of the total proaeot cost,

3 year construct1on per1od (4 yearssfor p]an with 20 un1t powerhouse),
a6 3/8% interest rate and app11cab1e operat1on maintenance and
replacement costs.
The following table presehts the estimated Area Redevelopment'
benefits for each plan: | |
TABLE 8

_ A]]»Ameﬁ%ﬁan Plans
Estimated Annual AreasRedevelopment Benefits

. o ~Plans _
B D TSN ¢ M ¢ ) M () (5)
Area Redevelopment  $3,670,000 $4,555,000 $7,219,000 $3,702,000 $3,660,000
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VI. PROJECT ECONOMICS (A1l American Plans)
A. General !

This section of the report summarizes the project economics
with the benefit to cost ratio method of analysis.

The benefit-cost ratio results from a comparisoh of all projéct
annual benefits of power, recreation, area.redeve1opment énd fisheries-
mariculture with total projggt annual costs. Annual costs include
interest and amortization (6-3/8% and 100-year repayment period),
opération and maintenance_and major equipment rep?agements. The results
of the above ffgures exbressed as a quotient indicates the relative |
merit of a project.

B. Benefit-Cost Ratios

Table 9 summarizes the benefit-cost ratio computations for the
five plans and all are below unity. However, a comparison of B/C
ratios clearly shows which are c]oSef to unity,'therefore, more

economical with this method of analysis.
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PASSAMAQUODDY TIDAL POWER PROJECT
ALL AMERTCAN PLANS
BENEFIT-COST RATIO ANALYSIS

Plan D Plan D Plan D Plan #4 Plan #4

Ki

5 - 12,500 XW 10 - 12,500 KW- 20 - 12,500°KuW 2 pool w/5 2 pool w/5
generators with ‘generators w/o  generators w/o  8,00C KW generators 8,000 KW generators
30,000 KW aux. = _. aux. power aux. power & 15,000 KW aux. w/0 aux. gen.
| 1) {2} (3) \ (4) ' (5)
Total Investment Cost  $281,730,000 $371,757,000  $635,022,000 . $284,856,000 $274,045,000
Capacity M4 | 62.5 125 25 - aq . 40
KWH/yr* : -+ 305,000,000 - 341,000,000 1 615,000;000 308,000,000 292,000,000
Total Annual Benefits’ 14,002,000 _ 14,457,000 23,302,000 - 14,516,000 14,113,000
~ Annual Power Benefits** . 8,123,000 7,693,000 13,874,000 8,605,000 8,244,039
Total Annual Costs = | 24,292,000 . 24,887,000 - 42,295,000 - 21,846,000 = - 18,319,000
Total fnqual Benefits - 958 = 0.58 0.55 0.6 | 0.77
Annual Power Benefits B ' ] 1.45
Total Annual Cost 0.33 ' ' 0'3] 0.33 0'39 ' ‘
Tota] Imvestment Cost' ¢ 4,508 & 2,074 § 2,540 s 7,21 § 6,851

*Net Annual Salable Energy

**Includes Transmission Losses of 8% for Capaéity-(where applicable) and 6% for Energy.

TABLE 9



VII. LIFE-CYCLE COSTING STUDY

Economic Analysis of the International Tidal Power Project

by the "Life-Cycle Costing" Method

A. Background
' By letter dated 7 September 1976, the Honorable

James B. Long?ey, Governor of Maine, strongly suggested that the
International Passamaquoddy Tidal Power Project be ,ana?yzed on a
1ife-cyc1e cost basis. Letter dated 24 September 1976 from tHe
New England Division informed the Governor that sucﬁ an analysis
wou'ld - be deve1oped for his use, however, that it was not the
conventional dictated method as established by the Congress for
- the evaluation of water resource projects. Copies of both Tetters
are included as attachments 6 and 7 to this report.

- For accomplishing the "1ife-cy§1e" costing, it was
decided to utiTize the computer model as described in Chapter VI
of U.S. Department of Comméfce, National Technicél Inforﬁatioﬁ
Serviée Report AD/A-018 359, dated Juiy 1975, titled: "Hydrpe]ectﬁic
Power Potenﬁia1 at Corps of Engineers Projects.” The model is
operational and . is operated by the FederaI.Power Commission,
) washfngton, D.C. | '

Onh 29 November 1976, the New England Division confirmed
request for the Federal Power Commission, New York Regional Office,
to furnish the necessary expertise and accomplish the life-cycle
cost study by Uti1izing thé computeh model in their Washington office.
On 12 January 1977 a‘joint:FPC—NED conference was held in the FPC
offices ih New York ﬁo'review the proposed work, discuss input para-

meters and variables to be incorporated in the study.
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The following definition which appropriate1y explains
Life-Cycle Costing'haﬁ'been ext?acted'from the General Provisions of
Armed Services Procurement Regulation dated 21 May 1976: "The Life<Cycle
" Cost of a system or itém of equipment is the total cost to the Govefnment
of acquisition and ownership of that system or item of equipment over

its fu]i life. It includes the costrof deve1opment,'acqufsition,
operation, support and where app1iégbje; disﬁbsai. Since the cost of
operating and supporting the system or equipment over its useful 1jfe is
substantial and, in many cases, greater than the acquisition cost, it

is essential that such costs be éohéidered in deve]bpment and acquisition
decisions in order that proper‘cohs;aérétions can be given to those
systems or equipment that will resait in the lowest Tife cycle cost to
the Government." | ;

The project selected fok ana]ysis by the 1ifé-cyc1e costing
method is the 500 Megawatt Internat1ona1 Passamaquoddy Tidal Power
Proaect . Slnce the purposa of the proaect is Power, the ana1y51s is

based on. pcwer only and" Ats beneflts, and effects of ancil1ary benefits
such as area redeve1opment recreatfon and marfculture hava not been
fincorporated ' |

B. Methodology .

In utilizing the comprgi model various appiibable parameter
inputs were included for the tidaTiﬁ0wer project and its most probable
alternative, a combined cycle p]aﬂti>‘AnnuaT escalation rates of 3, 5
and 7 percent were selected to reff§ét a range of possible increases in
costs for items subject to rise such as labor, materials, rep1acements

and fue1 dur1ng the operation and maintenance period. Annual costs
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such as amortization, depreciation and interest on investment remain
constant and are not variable items. The sharp jumps in the curves
representing the alternative (Plates 5 through 8) result from fixed
depreciatibn charges based on ear]i?r Tower costs which are inadeguate
for replacement of worn-out plant ahd equipment; The actual cost of
replacement escalated at a rate compounded annually over the 30 year

Tife of the aTternative. In kind replacement was assumed for the

a1ternative.

Separate model runs were executed for the 500 MW international
tidal power project and the selected alternative. For this report the
Tife-cycle data has been condensed, briefly described and summarized

by utilizing charts and graphs so as to simplify presentation.

C. Discussion of the Life-Cycle Study and Results

Base@ on a 100-year project 1ife and assuming that the 500
Megawatt International Passamaquoddy Tidal Power Project went on line
in June 1976Jwith.annua1_costs of $121,121,000 for prbduéing 1,932,000,000
kwh/year,.P1atés No. 5, 6 and 7 show the projected annual costs based on
annual compoﬁnded escalation rates of 3, 5 and 7%. For comparison purposes
both the alternative and tidal power projects are financed at 6-3/8%.
The charts aT;o.show the estimated annual benefits from power produced by
the tidal power project, commencing with $55,316,000 in June 1976. In
escalating the power benefits at similar rates the annual benefits

will increase faster than the annual costy of the tidal power plant.
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It can be seen that the 1ine'projéétidns for annual power benefits
and costs ultimately intersect after a period of project operation,
' The B/C ratio becomes 1.0 to 1.0 at the intersection and increases
each year thereafter. The fo]]owfhgﬂindicates the year.that the B/C

-ratio equals 1.0:

Escalation Rate : Year BCR = 1,0
3% - 31
5% g5 20
e el BERL

If the annual power benef1ts of $64,286,000 for a privately
f1nanced combined cycle: a1ternat1ve ptant are used the Benefit Cost

Ratio of 1.0 is reached as followssa

Escalation Rate ol Year BCR = 1.0
3% - e 30
5% 18 (See Plate 8)
7% 3 13

: ‘The "crossover poiqt" whé?é-the'annuai power benefits equal
the annua] charges and the Benef1t*tost Ratio becomes 1 0 to 1 0,
indicates the year in wh1ch the proaect becomes prof1tab1e to operate.
The principal reason that the benefits (costs of a]ternat1ve) ultimately
surpass the ahnué1-césfs for -the tidal prdject)is that tidal power does
not re1y on a fuel for generat1ng electr1c1ty as does the alternative
combined cyc]e plant. R ' |

From the data used to produce Plates 5 through 7 the total

present worth and annual -cost were computed and tabulated in Tab]e 10

The last column in Table 10 shows how the Benefit Cost Ratio, based on
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power benefits only, is affected by various rates of escaltion.. The
higher the rate of escalation the larger the B/C ratio.

Plate 9 shows that with the circumstances in Table 10 a
gife~Cycle B/C ratio of 1.0 is achieved with an escalation rate of approxi-
mately 4.0%. From this analysis it appears that the alternative would
be favored with an escalation rate below 4.0% and tidal power with
a rate above 4.0%. |

Although life-~cycle costing was not accomplished herein for any
of the All=American Plans there is no doubt that the results would be
similar from a life-cycle analysis viewpoint. Inasmuch as the Corps
was reporting on life-cycle costing for the international plan, ERDA
proposed to accomplish such studies on miscellaneous Al1-American Plans
in ﬁheir'réport. Their study indicates that the All-American Plans
evaluated by them.are economically feasible when eva1uéted by this type
éf analysis.

The preliminary life-cycle costing study contained herein is
based principally on general inflationary trends. If. further study on
the project is continued, a detailed life-cycle study invelving both

general and relative escalation trends should be accomplished.
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TABLE 10

Life- Cyc]e Ana]ys1s of
500 MW International lidal Power Project
i (Both Plants Financed at 6-3/8%) -

Total Present Anrual Cost . lLevelized Life Cycle

Escalation - Worth (6-3/8%  (Using CRF ~ - Cost (Mills/ B/C Ratio
~Interstate Rate Plant Type D1scount Rate) 100 Yrs. 6-3/8%) KWHY ~ (Power Benef1ts)
6-3/8% 3% Alternat1ve $1,49],758,000 $ 95,294,000 ‘ 49.3 '
) _ - ‘ ' : ' .76
6-3/8% 3% Tidal - 1,958,832,000 125,130,000 64.8
6-3/8% 5% Alternative  2,731,104,000 174,463,000 90,3
. 6-3/8% o1-8%. 7 - Tidaliuo o 12,072;210,000. 132,373,000 . 68.5 ¢
6-3/8% 7% Alternative 6,531,940,000 417,260,000 216.0 2 70

6-3/8% 7% Tidal - 2,420,867,000 154,645,000 80.0
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VIII,

o were 1nc1uded the B-C ratios were.;

" the five A11~Amer1can PTans cunsld&r

5’pbwer‘onf&:her'ki‘ﬁwatt”b’Sis”vqri

SUPPLEMENTAL SUMMARY FINDINGS ANDRECOMMENDATIONS -

A. Summary and Findings o —,

1. The estimated Total Investmﬁht:Cost of the All-American Plans,
which inc1&des Cbnstruction Costs and‘interest During Construction,
varies between $274,045,000 and $635,022,000; and the estimated annual
electrical generation of the concepts range from 292,000,000 to
615,000,000 kilowatt-hours. |

2. 'The conventional benefit-cost analysis for the All-American
Ptans - based on 30 June 1976 price levels, and the life-cycle
evaluation of the 500 MW Internat10na1 Plan are based on prices and
predictions of the same period.

3. The benefit-cost ratio for?fhe AT1-American Plans, considering
power benefits only, varies between 0.31 and 0.45. This ratio increases
to a range of 0.55 and 0.77 when anticipated ancillary benefits of area

fedevelapment, fisheries-mariculturg and recreation are included. In

_ comparxson the B C. Ratlo of the SOQQand 1000 Mw Internat1ona1 P1ans

ranged from 0 53 to 0. 49 respecti f; and, when thekanCI1]ary benef1t§ }jﬁ

-74{and b 67; respect1vb1y

4. Ut111z1ng ‘the Tota) InvestmqniaCost”.the‘cost of 1nsta11ed
jetweenm$2,540 and 57 121 for

5. The COnstruct1on of any one of the A]l Amer1can P1ans would not :?%

entail 1n-depth negot1at1ons, 1ntern&t1ona1 agreements con51derations,

etc. which the’ 1nternat10na1 plans: wou1d require. However, activities

in informational service on project p1ann1ng, eng1neer1ng and 1mpacts
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as well as coordination on the project in general with Canada would be
appropriatef A1l electrical power generated from an A]]-Americgn Plan
would be utilized within the United States. ' |

6. The results of the ERDA study indicate that tidal power dévelop?
ment is not economically feasible in the Passaﬁaquoddy region when
evaluated on the conventional method of analysis for water'résource
projects, however, evaluation on a life-cycle basis .makes the project
worthwhile over its 1ife span.

7. The All-American tidal power pians'are very much smaller than
the international plans and it appears that the two pool 4D Megawatt
concept in Cobscook Bay is the most desirable one of the American plans.
This plant will produce 292,000,000 kilowatt~hours of.e1ectricity
annually which is equivalent to an alternate combined-cycle plant
requiring about 408,000 barrels of 01l per year, as compared to the
2,700,000 barrels of oil per year saved by the 500 MW international
plan producing 1,932,000,000 kilowatt~hours per year. |

8. Proposed 0il Refinery and Marine Terminal in Eastport

With respect to the proposed Pittston Company o0il refinery and
marine terminal in Eastport, Maine, a public hearing on the draft
Environmental Impact Statement was jointly held by fhe Corps of
Engineers and Environmental Protection Agency on 3 December 1976 in
Eastport, Maine. Currently, additional information {is being prepared
for inclusion in the final Environmental Impact Statement by the
Environmental Protection Agency, Region I,

In the event the refinery is constructed before the tidal power
project, larger navigational Jocks will have to be provided than
originally p1anned for the tidal project.
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If the use of 70,000 DWT tankerﬁ'is permitted, the havigitfon
lock at Héad Harbor Passage will h?fé to be increased in size from
415" x 60° x 21' draft to approximafgiy 830" x 120' x 42' draft. This
Cwill 1ncrease the 1n1t1a1 construct1on and total 1nvestment costs, the
annua] charges, and w111 lower the benef1t cost ratio for the overa11
tidal power proaect. S1m11ar changes will occur if 250,000 DWT tankers
are allowed which w111 require the nav1gat1on Tock to be increased in
size from 415" x 60' x 21' draft to approx1mate1y 1250 x 180' x 67'.
Construction costs for a Tock which’will accommodate a 150,000 DWT
tanker.were'not computed but it appéars that such a lock would reduce
the B-C ratio to .69. The fo1]owing table illustrates the estimated
changes in BER for the 500 MW 1nternat10naf tidal power Project with various

size locks 1nc]uded

"TABLE 11
CHANGES IN BCR: (WITH VARIOUS LOCK SIZES)

Basic 500 MW - Total Project  Total __  Tota]

Project with Investment Annual | - :
' S : nNUz : Annual Benefit- ,
NaV'!gat 1on LQCk - COSt.* : _ Charges : Benefits ) Ratgocost

' With Basic Lock:-

416'x60'x21" - $1,829,937,000 $121,{21,ooo_ $89,674,000 .74 to 1.00 -
With Larger Lock:

830'x120'x42*  $1,916,380,000 $126,617,000 . Mo change - .71 to 1.00
1250'x180'x67' $1,971,104,000 $132,499 OOOL No change. .68 to 1.00

*IncTudes Transm1ss1on Costs
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The updated_éonstructiom costs, annual charges and benefits, and
‘economic analysis for the A11-Americah Plans do ndt include additionaT.
costs required for larger navigational 1o¢ks to accommodate the VLCC's
or tankers enfoﬁté to the proposed refinery and marine terminal. 'Thé
various All-American tidal power concepts often have different locations

for the dam structures and navigational locks. 1In summafy, if the 011

‘Refinery and Marine Terminal is constructed, the Passamagquoddy Tidal
Power Project will have to provide larger navigational locks as noted
under the following concepts:

International Tidal Power Project

Under the 1959-1964 International Tidal Power Project, the basic
lTock at Head Harbor Passage was 415'x60'x21' draft. If either the
500 or 1000 Megawatt power facilities are constructed, a névigation lock
in the 1250'x180'x67' range will have to be constructed to acgbmmodate,.‘
the 150,000-250,000 DWT VLCC's proposed for'carrying'crUde oil to the
refinery and the 70,000 DwT‘tankers used for carrying finished products
from the plant. These larger locks would be located in Head Harbor
Passage at Campobello Island, Canada.

Al1-American Tidal Power Projects

If these tidal power projects are proposed, the following navigation

Tocks would be required to provide waterborne access to the refinery:
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NAVIGATIONAL LOCKS: FOR"ALL-AMERICAN

TIDAL POWER ALTERNATIVES

A11-American o ; Possible

Tidal Power Original New Proposed Size of Lock
_Concept Lock Required  Lock: Required V1.CC (DWT) Location (Dam)}
Single Pool T ' '
Plan D 360'x56'x21" 1250‘&380'x67' 70-250,000  Treat IsTand
1] B " 1l n
; 1] - . éj;{gi no H
3 o N T " "

Double Pool

360"'x56'x21" 830'x120'x42' 70,000 Cooper Island
" 1250'%¥80'x67'  70-250,000  Treat. Island
] n it

" 830"x%20'x42" 70,000 ~  Cooper Island

Bwm -

’ Note: On each.of the 2-pool plans, an.additional interpool lock {probably
95'x25'x12"') will be required for small commercial and recreational
craft.

- Y
LT S 4.1“ -

As-indicatadmprevwously i th1s supp4emeﬂta1 report ~the ”““:”“_ffm“““f*““‘ o

'Benef1t Cost Ratio would be reduced for the 500 MW tidal power project if
Iarger navigationa1 Tocks are provided in Head Harbor Passage._ Likewise,

‘the Benefit-CGst Ratuo for any. of. the A11—American P1ans w111 be reduced

when larger size nav1gation locks are Icluded,:.A-pre1iminapy‘e3timate of '
the Benefit-Cost Ratio redpctjon for;ggger on?ylbaséd on_prdpﬁftionmeht |

is as follows: = .
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TABLE 13
REVISED BCR FOR SELECTED ALL-AMERICAN CONCEPTS

{Power Oﬁ1y) (Power Only)

A1l American Total Invest. Total Invest. Estimated Estimated
Tidal Power - Cost with Cost with BCR with BCR with
Concept Basic Lock, Larger Locks Basic Lock Larger Locks
' | Singie Pool ,
Plan D w/5 units 281,730,000' 422,897,000 0.33 0.22
Plan D w/10 units 371,757,000 512,924,000 0.31 0.22
 Plan D w/20 units 635,022,000 776,189,000 0.33 0.27

Doublie Pool

Plan 4 w/Bux. 284,856,000 371,299,000 0.41 0.31
Plan 4 w/o Aux. 274,045,000 360,488,000 0.45 0.34
Motes: 1. Plan D requires a lock approximately 1250 x]80 x67' at a

: - Total Investment Cost of $141,167,000.

2. Plan 4 requires a lock approximately 830'x120'x42' at a
Total Investment Cost of $86,443,000.

9. Results of Tidal Power Study by Energy Research and Deve]opment
Administration {ERDA).

Pre]iminary indications from this study {in final completion
stages) on tidal power by the Energy Research and Development Administra-
tion and thejr consultant, étone 4 Webster Ehgineering'Corporation, are
that the concepts they eva1uated are not economically feasible utilizing
the convéntioﬁal economic analysis method and current price levels.

Their study resulted in Benefit-Cost Ratios between 0.32 and OfSO tb
1.00 when oniy the power benefit was considered, When estimated area
redeve1opment,_fisheries and recreation benefits were incorporated, the
B-C ratio in;reased to 0.48 through 0,69 to 1.00. These ancillary
benefits were fﬁrnished by the New [Cnhgland Division.
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The tidal power concepts evaluated in the ERDA report in the
Passamaquoddy reg1on are:

Concept ' : T Concept

No. - Size Name _ No. Pools Layout
M-1 500 MM | Internatiéﬁ?fi 2 (1964 Layout)
M-2 1000 M4 International 2 (1964 Layout)
M-3 - 180 M ATl-American 1 (1935 Plan Layout)

M-4 180 MW A11-American 1 (Shackford Head-
. . : Cooper Island)

The analysis of the M-3 conéépt, a variation of the 1935 Plan,
by 1ife cycle costing methods 1nd1gg$ed that to obtain a Benefit-Cost
Ratio of 1.00, a fuel cost rise of 5.2 to 5.4% per year would be needed.
The slight diffefence in percentaggeis'whether or not pumped storage
backup facilities are provided.

: Their'notétion on the economic feasibility of the.tida1 power

projects in Maine indicated that:

"Cons1der1ng power fac111t1es“on1y, 1t 15 neceSsary to have a

and natura] gas, and the. strong prospects of cbntinually r1stng prices
for these fossil fueTs, 11fe cyc?e cost ana1yses certainﬂy appears to

offer. a better means for eva]uatingithe fea31b111ty of t1da1 power

proaects -
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As a.matter of information, their evaluation of possible tidal
pawer projects in Alaska shows that the power benefits are much tower
than those obtained for the tidal projects in Maine.. The Benefit-

Cost Ratioé'fpr power at the Alaskan sites considered vary between 0.15
and 0.31 to 1.00. These lower ratios are attributed to higher construction
costs in Alaska and Tower estimated fuel costs for the "alternative”
coal-fired plant. | |

Following is a brief preliminary cdmparison of the separate tidal
power economic studies accomplished by the Ehergy Reéearéh and Develop-
ment Administration and the Corps of Engineers in the Passamaquoddy
region: |

a. By Conventional Method of Analysis {for Power 0h1y)*

Benefit Cost Ratio {BCR)

Project Corps. ERDA
500 Megawatt International Plan 0.53 to 1.00 0.50 to 1.00
1000 Megawatt International Plan  0.49 to 1.00 0.32 to 1.00
Typical All-American Plans 0.31-0.45 to 1.00 0.36-N0.51 to 1.00

b. By Life-Cycle Costing Method (for Power only)*

Project Evaluated : Corps Findings

500 Megawatt International Plan Project will commence to be cheaper to
' ' operate than an oil fired alternative
after the 20th year based on a 5%
compounded escalation rate and 6-3/8%
financing rate. '

ERDA Findings

180 Megawatt All1-American Plan Project will commence to be cheaper
' to operate after 13 years than an oil

! fired alternative based on a 5.5% fuel

rise per year and interest rate of 7%.

*Anc111§ry benefits of areg redevelopment, fisheries-mariculture and
recreat1oq are not included. It is noted that all possible tidal power
concepts in Cobscook/Passamaquoddy Bay were not studied by life-cycle
ana1¥s1s, however it is felt that most plans would be economically
feasible when evaluated by this method, some sooner than others,
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10, Anot%er separate study onjxidaT power is being conducted by
Office of Technftal Asséssmeht, Congress of the United States, Pre-
liminary information of ‘their draft’ report ént1f1ed, "Tidal Power," .
dated February f977, indicates that-a tidal power project in the vicinity
of Passamaquoddy and Cobscook Bays ‘may be‘attractive for déveTopment
if fuel costs for thermal plants éontinue to escalate, and that the
project should be evaluatéd and jUStified on the 1ife«cycle costing
method. _' : | - o
11. Reia£1onsh1p of Passamaquoddy Tidal Power Project with the
President's Energy Program of 20 April 1977.

}

Reference: Text of Fact Sheet on the President's Program 1ssued by

White House Energy Staff 20 Apr11 1977

The foT]owing is bhased on a préiiminary re#iew of the referred to
Energy Program Fact Sheet and contains comments on the relationship
of the Passamaqubddy Tidal Péwer.Pkodect to the energy program. - The |

Sections of the program are listed” w1th comment as follows:

I. National Energy Po11qy, Princ1p1a§, Strategies and Goa1s.
A. Principles: ' - ‘

. The project consef?é%ipetro1eum, a natural resource.

* The project causes-Timi ted environmental impacts. There
wdu]d be practically no air, noise, land or wafer poilution. There
would be some aquatic, terrestial _and wetiands impacté caused by the
tidal podls. There would be no sﬁTid-orlliquid waste disposal problems.

+ The national and-ré§$bna1 vulnerability to embargoes and

uncertain supplies would be reduced.
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B. Strategy:

* Dependency 6n foreign 0il is reduced.

- The project operates on development of a new, dependab1e,_
renewable and inexhaustible source of energy -- tidal power.

+ The project helps to sustain economic growth,

- The project affords an opportunity to implement the

natural resource conservation program.

'C. National Energy Goals:

+ The project would help the nation in reducing
foreign oil. imports,
- Allows further conservation of domestic energy sources.

iI. Effects of the Preéident's Energy Plan.

* The project will save approximately 2,700,000 barrels of
0oil annually or about 7,400 barrels on a per day basis.

» The project would have a positive impact oﬁ the national,
regional and statewide economy. -

IIT1. The President’s Energy Program.

A. Conservation

1. Transportation -- no apparent reTationship.

Buildings -- no apparent relationship.
Appliances -- no apparent relationship.

2
3
4. Industrial Conservation -- no apparent relationship.
5

Cogeneration of Electricity and Process Steam.

* The project has relatively high efficiency and does
not waste enormous amounts of energy in the generation of electric

power .
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6. DistrictfHeJtinggi;,no apparent relationship,
7. Utility Rate Reform. -- no apparent relationship.

8. Taxes on 0i1l and,Natura1 Gas -- no apparent Pelationsh%p.

B. Management Informat1on Systems .

1. Petroleum- Production and Reserves Information -- no

apparent relationship.

2. Petroleum Combany&Einahcial Data System -- no

apparent relatiQQ§§ip.

3. Emergency Management Information System -- N0
apparent relationship.

€. Industry Competition ~- no apparent relationship.

D. State and Local Goveﬁnment Participation

The Passamaquoddy Ind1an Tribal Council, P]easant Po1nt

- Reservation, Perry, Maine has proposed a small 2 - 5 Megawatt t1da1
power gnd mariculture development project in Half Moon Cove in Cobscook
" Bay, Méine. Both the International.and/or All-American tidal power
plans which this Divisién is.re—éi;iygting_wou1d invbTVe Cobscook Bay.

- The federal concepts offer variouégdégrees of compatibility with the
tribal plan and,sbmé constructibn.modifications and mode of operations
would be required to the tribal project if the large federaT.project

is ever built. It has been recommended to the council that they
coordinate their planning with the;géy England Division in respect,td
water poo1‘1evé1s, e1evations.andljgyerts of structures, etc., of their
proposed facility. Their mariculture development would have to be
coordinated with both their own and. .the federal tidal power projects

in establishing pool elevations, rgtghtion and release of wateré, etc.
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Currently, the tribal council has prepared an unsolicited proposal
dated March 1977 and is seeking approximately $400,000 fur further

project planning purposes

E. Assistance for Low Income Persons --no apparent
application. |

F. 0i1 and Natural Gas -- Except for minimum requirements for

maintenance activities the project wiil not use oil or natural gas.

1. 0i1 Pricing (]egis?atiVe)'—~ no apparent application.

2. 0i1 Taxes (legislative) -- no apparent application.

3.. Natural Gas Pricing (legislative) -- no apparent

application.

4. Other 011 and Gas -~ no apparent application.

G. . Coal, Nuclear and Hydroelectric Power -- The tidal power

project reTies'dn harnessing the high tidewaters of Paésamaquoddy and
Cobscook Bays'in New Brunswick and Maine and does not require conventional
energy sources suchfhs'cdal,'oi1 or natufa1'gas.

1. 011 and Natural Gas Users Tax (legistative).

It is felt that with the additional taxes which could
be imposed on private electric generating utilities for utilizing oil,
that the BCR economics of the tidal power project would improve.

2. Coal Conversion Regulatory Policy (Tegislative).

The tidal power plant would not be involved with

conversion to coal, oil or gas fuels.

3.  Environmental Policy for Coal.

| The tidal power plant will not use coal and therefore
is not involved with meeting emission standards for coal. In addition,
the project will not have a solid waste disposal problem such as coal ash.
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4. Coal Research andﬂnge1qgment (Bﬁdget),f-_no

~ apparent app11cat1on

5. Nuclear Power -- no apparent app11cat1on

,,,,,,

6. Hydroelectric Power -- this sectlon states the following

and since the Quoddy proaect is not an ex1st1ng dam the section seems
to have no apparent direct app11cat1on

_."6. HydroeTectr1c Power. The President has directed

the Corps of Engineers to report w1th1n three months on the potential
for additional hydropawer installations at ex1st1ng dams throughout
the-country -- especially at small sites. Any_recommgndation will be
subject to a thprough environmentaT*and budget,reviewlbefare final
dec1s1ons are made (adm1n1strat1ve) "

H. Nonconvent1ona] Sources of Energy

The tmda] power prOJect ut1lwzes ‘the high tades in the

Passamaquoddy Bay reg1on wh1ch are a dependab]e, renewable and

1nexhaustib1e source. of energy A!project such as this assists the

!

i

ﬂortnc gt‘owth beyond '-the year 2000

,‘nation 1n 1ts hope for 1ong term
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1. Solar Energy -- See preceding comment, otherwise there

is no apparent application with this section.

2. Geothermal Energy -- no apparent application.

1. Research, DeVé]opment and Demonstration of Decentralized

Systems.

1. Reorganization (Administrative/budget) =- no

apparent application,

2. Solar, Geothermal and Other Technologies {(budget} ~

no-apparént'app1ication.

Jd. Transportation Study ~- no apparent application, except

that the tidal power project would not have to depend on transportation

service for suppliying fuels.

12. - In December 1976 the State of Maine Office of Energy Resources
cdmpTeted a report titled hMaine Comprehensive Energy Plan, 1976
Editioh". The document réviews the energy situation;‘consumption and
needs for the state, With respéct to tidal power, their preliminary
recommendations which could be undertaken concérning.resburce_deve1op-
ment and diversification aré'as follows:

By State of Maine entities ~

Furtﬂer consideration of tidal development as an energy alternative
for Maine should await release of the ERDA study of tidal power. If

eventual (within 30 yeafﬁ) technical and economic feasibility can be

demonstrated for tidal power by life cycle cost calculations (being
undertaken in the Stone and Webster study at Maine’'s request), then the

Passamaquoddy Tidal Power site should be retained intact as an option

for future energy supply to Maine.
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By Regional or Federal ent%%iés'

ERDA Shoqu plan to éponsorﬁ%§WOrldﬁide Tidal Powér'COhférence'

jointly with the At1ant1c PrOV1nces Tida] Power Review Board 1n the

- Spring of 1977 when the tidal stud1es of both countr1es are coﬂp?eted

13. In reviewing the Al1-American Plans and the current impediments.
which the development of nuclear pbﬁéf in New England is encountering
there may bé.a future desiré éhd.négééfor an'AliFAméf{can Plan which
will produce the maximﬁm amount ofﬁggé}gy rather than a principally
peaking facility. In this event, single pool Plan D with 20 - 12,500
KW generators (250 MW) would be pfé?éhdble as it will broduce the

greater amount of energy. In comparison, however, two pool Plan #4

without aux111ary w111 render a betﬂgr B/C Rat1o provide more f1ex1b1e
use for prov1d1ng peaking and max1mqm energy, but will produce iess
e1ectrfcity on an annual basis. If the tidal power project is

authorized for fdrther study the:p}%g; use and mode of'operqtionrmu;t B
be‘determinedfeariy. This wou]dlbgédone in conjunction with all concefned
so that the{proﬁer\tid&1fpower p1an§éwi11 be planned whiéhpwilT.be,most

adyantageous for the State of Maine and New,Eng1and.
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14. Based upon the informatién developed in the basic draft report
of 30 November 1976 and.this-Subp1ementa1 Report of 29 April 1977 the
fo]]oWing diséussibn and ffndings on the economic :feasibility of the
project are pfovided:

a. In re]aﬁion to conventional method of eva}uatipg;

If the project cannot be considered economically feasible

via the 1ife-cyclie methodology and the project is only analyzed by the
present conventional methods of evaluation, then it appears that further
study on tidal power in the Passamaguoddy region is not warranted and

-should not be continued for the following reasons:

{T) " The proposed 500 and 1000 Megawatt International Passa-
maQUoddy‘Tida1 Power Projects have been evaluated in aécordance with
conventional me;hbds and the Benefit-Cost Ratio for both size projects
is below unity.” Since power fs the single purpose of the pfoject, the
B-~C Ratio for power alone is only 0.53 for the 500 MW installation and
0.49 for the 1000 MW installation. If anticipated ancillary benefifs-
from area rédevélopment, fisheries and recreation are ihc1uded, the
B-C Ratio increases to 0.74 and 0.67 for the 500 and 1000 MW facilities
respectively which is still less than unity.

{2} A conventional economic evaluation has also been made of
f{ve various one and two pool concepts which would be entirely within
the boundaries of the United States. These have been referred to as
“Al1-American” plans. The analysis for each of these concepts éon-

sidering power benefits alone results in B-C Ratio in the 0.31 to 0.45
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range, and when the other anc111ary benefits from area redevelopment,
f1sher1es-mar1cu1ture and recreat1on are 1nc1uded in the B-C Rat1o increases
to a range of 0.55 to 0.77 wh1ch remains less than unity | j‘

(3)  The resu1ts of the 1ndependent tidal power study by the
U.s. Energy and Research Deve1opment Administration indicates that a
tidal power proaect in the Passamaquoddy area is not econom1ca11y |
feasible under present cond1t10ns when evaluated by the conventional -

means.

b. In relation to Ti}efqycielepa1eatioh”ofﬂfhe'ppeject;

| (1)- In view of the chah;;pg times;'ppesent-apd'appafent
future dependency of the New Eng1end area on 1mported fore1gn fuel and
its associated high costs, sav1ngye¥‘natura1 resources (est1mated annual

lsav1ngs of 2, 700 000 BBLS of oil for the 500 Mw proaect) esca1at1on and
views of other agencies, the 11fe cyc]e costxng appears to have merit
and deserves conswderat1on for eva1uat1ng and determ1n1ng the future

| of th1s energy orlented water res;urce prOJect It is suggested that
h1gher author1ty review and make the decision on the poss1b111ty of |

- evaTuating the t1da1 power projects on a 11fe-cyc1e costing bas1s, as under

this method the separate T1fe—cyc}e stud1es by the Energy Research and

Deve]opment Administrat1on, 0ff1eeeof Techn1ca1 Assessment of the U.S.
.Congress, and the Jornt FederaT‘Powep Comm1ssion, New Enq]and D1v1s1on
:1nd1cate that the proaect would beleconom1ca11y feas1ble over the 50/100
.year T1fe span of the prOJect It 15 recogn1zed that this 1s not the

author1zed or conventiona] method of eva?uat1ng water resource proaects,

;

however, 1t deserves cons1derat10n before a f1na1 dec1s1on is made to

cease further study on the t1da1 power project.



(¢} If & decision is rendered to proceed with further study
recognizing the life-cycle analysis a§ a basis for the economics of the
Survey Scope Study Report, it is cohsﬁdered that an A11-American Tidal
Power Project should be studied in the event that Canadian officials
do not concur with participation in an internationa plan. .The specific
A11-American plan.ié to be determined during the Survey Scope Study
period. |

¢. That the energy amenities of the tidal power project such as

(1) The availability and utilization of ocean tides which are
a predictab]e and daily renewabTe energy resource,

(2) The conSErvation‘of natural resources.

(3) Repayment capability. |

(4) Minimum polluting operation and waste disposal aspects and

(5) Minimum land takings.
be considered in éva?uating the project even though it does not meet the
"net benefits rule" in economicJe§a1uation. These édvantdges make the
project unique with possible overridfng economic and energy.considerations
in light of the present regional and national energy problems.

15, ' If decision is made.to proceed with the preparation of a

Plan of Study, the next forseeable cfitica] issue is to'détermiﬁe whether
the International or All-American Tidal Power Project should be studied.
This will first necessitate a meeting with the Canadians to obtain their
formal views and position on a new joint Quoddy project and study. If
Canada 1nd1catés formal disintefest in the International project then it

appears that the United States would be without obligatory constraint
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to study and p]dh”&h"A114Amériéénﬁffda1 Power Project. In such an-event,
it appears that our advising Canada- 6f our intent to 'study an All-American
Tidal Project would be an extensiof“of international courtesy.

B. Recommendations =~ Yoo T

Based upon the results of the project EConomic-Feésibility'Report :
dated 30 November 1976 and this Supplemental Report dated 29 April
1977, the Reporting Officer recommends that:
a,‘rUnQer;thé‘preSentjconfentibnal Benefit-Cost Ratio {BCR)
method of evaluation as dictated by Congress for water resource pro-
Jjects, further study of the A]]—Amgrican and/or International Passama-
quoddy Tidal Power Projects is not{warranted and should be discontinued,
b. However, in the view of the current energy situation, higher
authority and the Congress of the United States consider authorizing
the "1ife-cycle" method of analysis as the economic basis for the Tidal
Power Project and justification fof'further study of tidal power in
the Passamaquoddy region.
¢. If higher authority and the Congress of the United States
authorizes the use of life-cycle analysis as the basis fob the project,
it is recommended that this Division be authorized to prepare a Plan
of Study for an International or All-American Tidal PoweriP]an pending
Canadian interest, and upon its approval, continue with fdrther study
~ and determine the optimal tidal power plan during the Survey Scope

Study period.
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d; That interested Fédera], Staté and logal agencies, private
groups, Canadian authorities and the Internétional Joint Commi ssion
be advised of the results of thig Economic Feasibility Study and
comments from higher authority as soon as possible for their informa-

tion and future planning purposes,

. JOHN P. CHANDLER
Colonel, Corps of Engineers
Division Engineer
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: Attachmed lo. ]

NEW ENGLAND SYSTEM CAPABILITY*

Capability 1975/76 thru 1986/87

Propesed
NEPOOL . NEPOOL Additions Proposed

Actual Authorized Planned Under Study Gross
Type of Mode of Dec. 75 Additions . Capability** _oxr Planned Capability
Installaticon Operation MY MW MW MW MW .
Nuclear - B 3364 8910 12371 1150 13521
Conventional Thermal B/M 11914 1160 (M) 13062 -- 13062
Ne't Power Purchases B/M/P 192 21 213 - 213
Combined Cycle : M 90 385 475 180 655
Hydro . B/M/P 1288 - 1273 12 1285
Gas Turbine B 1489 120 1609 105 '1?14
Diesel ' P 243 - 243 44 287
Pumped Hydro P 1632 . - 1632 - 1632
Fuel Cells P - - - 26 26
Peaking Fossil P - - - 150 150
TOTAL 20212 10596 30878 1667 - 32545
Estimated peaking capacity (20%) 4000 6000

* New England Load and Capacity Report, 1975-1936. NEPLAN, January 1, 1976.

** Including authorized reratings and retirements.

B = Base-Load Plant
Mid-Range Plant
Peaking Plant

o=
o
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Attachment No™ 2

SUMMARY ¥

i

SYSTEM CAPABILITIES AND ESTIMATED PEAK LOAD - WINTER - 1977/78-1987/88

1977/78

1978/79

1979/80

Md

1980/8)1  1981/82

1982/83  1983/84 1984/85

1985/36

1986/87

1987/88

otal Capability*
1tem #25

otal Peak Load
ftem #26

ezerve Before
laintenance
ltem §27

i Reserve Before
{3intenance
ftem §28

scheduled
faintenance
item $29

Rescrve After
Maintenance
Item {30

% Reserve After

Maintenance
Item #31

o
o

21950

15217

6733

400
6333

41.6

22568

16051

6517

900

5617

-35.0

22569

16918

5651

33,4

800

4851

28,7

22572

17846
4726

26.3

4726

26,5

23984 -

18820

5164

27.4

5164

27.4

* Additions include only "NEPQOL Planned" generating capacity.

25255

19814

5441

27,5

5441

«27.5

. 26407

20851
5536

26.6

55856

26,6

28732

21964

67468

30,8

6768

30.8

28531

23134
5397

23.3

5397

. 23.3

30631

24379

6252

25.6

6252

25,6

Includes 278.25 MY of deactivated reserve through October, 1983, and 196.75 through remainder of report.

Data from NEPLAN, January 1, 1977

30630

25694

4936

19.2

4936

19.2



SU.. .RY

A GENERATION ADDITIONS, RERATINGS AND RETIREMENTS (MW)
Attachment No 3 oo '

Winter Winter Winter Wintér Winter ‘Winter Winter Winter Winter Winter Winte:
1977/78 1978/79 1979/80 1980/81 1981/82 1982/83 1983/84 1984/85 1985/86 1986/87 1987/

Existing Capability 21457 21576 21594 21595 21598 21590 21591 21674 21669 21468 2126¢
Retirements -6 0 -2 0 9 0 0 % 0 0
Reratings ' 4112 +16 0 0 0 0 +81 0 - 0 0
Adj. for Purchases & Sales +13 +2 +3 +3 +1 +1 +2 +1 -1 ¢ -
MEPCO/NB Purchase - - - - - - - - =200 =200
Met Capability o 21576 21594 21595 21598 21590 -21591 21674 21669 21468 21268 2126
Deactivated Reserve Units 278 278 278 278 278 278 278 197 197 197 19
Adj. for Deactivated Reserve - - - - - - -8 0 o 0
Units :

NEPOOL Planned Unite

n  potter #2 (/1/77) 9% 9% 9 9% 9% 9% 96 96 96 96 g

W. F. Wyman #4 ‘ - 600 600 600 600 | 600 600 600 600 600 60
Mass. Municipals -~ CC - - - - 270 270 270 270 270 270 27
Seabrook #1 - C - - - 1150 1150 1150 1150 1150 1150 115

1150 1150 1150 1150 1150 115

Millstone §3 - - - -

Mass, Municipals -~ CT - - - - - 120 120 120 120 120 12
Seabrook #2 - - - - - - ‘1150 1150 1150 1150 115
Pilgrim #2 ' - - - _' - - - - 1180 1180 1180 118
NEPCO #1 - - .- - - - - " 1150 1150 1150 115
Sears Island ' - - - - - - - - - 1150 115
NEPCO §#2 - - - - - - - - - 1150 115
Total Capability * 21950 22568 = 22569 22572 23984 25255 26407 28732 28531 30631 3063

*NOTE: Additions include only "NEPOOL Planned" generating capacity. Data from NEPLAN January 1, 1977.
P Déactivated-Resem.Un]’_ts as of 1/1/77 = 140.3 of NU capability,'SLS MW of EUA capability, and 56,45 MW of UI capability.

’
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SUPPLEMENTAL REFERENCES : P

1. Instituté-fbf Water Resources Research Report 75-R1, dated 11 July
1975, titled "Hydroelectric Power Potential at Corps of Engineers '
Projects.” _ | |

Z. Draft of Final Report titled “Tidal Power Study" dated-January -
1977 prepared by Stone & Webster Engipeering Cofpo}ation for the U.S.
Energy Research and Development Admiﬁﬁsffation,‘vafsidhrbf Solar
Energy, under Contract No. E(49-18)-2293. |

 3. Memorandum dated TQ-February f§§§iby United States'Eﬁgingen Office,
Eastport, Maine, subject: Comparison of Best American Two Pool Tidal
Hydro-electric Plan with Single Ppoiﬁii' R o

4. Memorandum dated 22.May_1936“b§iﬁ§ited States Engineer Office,

Eastport, Maine,,subject§'_Revised”Egiimate of Plan "%,
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e YT & NTATE OF HAINE
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3',‘,':7_'{5' \',:.?_ . OFFIOR OF T GOVERNOR
e 5 S Ut
vt ) .', AUQUSTA, MAINK ‘
Yo Y | Oa066
& SIS
' o ' : September 7, 1976

JAMES B. LONGLEY
GOVERNOAR

John Leslie

V. 8. Army Corps of Enginzers
New ‘Enzland Division

424 Trapelo Road . x
Waltham Massachusetts 02154

Dear Mr, Leslie:

. T realize the Federal government is studying txdal
power to determine its feasibility, especially in
Passamaquoddy Bay,

We are of the opinion thar, in order for these stuuaﬂs
to be worth the taxpayer dollars being spent on them that;
they must include a per. hﬂﬂ life cycle cost analvsis of tne
propub&.d Quuddy project and 3 couparison of tha- pro_,c_n.tcd
cost of the alternatives (nuclear, coal, oil-fired and
river hydro) ten or twenty years from now, when the’ next
large scale generating facilities will actually.be needad,

We are greatly disturbed that neither the Corps of
Engineers nor ERDA has seen fit to include this type of
cost projection in the scope of work to be performed by
the Stone and Webster Company, although Mr, Wayne has
publicly recognized that if Quoddy had been built years
ago its power would be 2 bargain today.

_ We feel no one is going to be enlightened by a study
which quantifies the obvious, namely that Quoddy will cost
more to build now than 20 years ago, or that it will

. ¢ost more to build than some other type of facility. What
we need to know from 4 power~-cost standpoint is the value
of Quoddy in ten or twenty years with the fuel costs of
other types of power rising? We also would like to know
from an overall public investment standpoint, what would be
the external benefits of the project to the affected region,
wvhich is characterized by irs remoteness, coldness, low-
incomes and high energy costs? o

~Until your studies -attempt to answer these questions

in a preliminary fashion, wa must conclude that they are
not only worthless as a planning tool, but may actually produce

ATTACHMENT NO. 6



September 7, 1976
-2-

oo

<
L]

‘prejudices vhich would forever coudemn the Quoddy project
as "economically unfeasible’ and thus deprive the State
‘and the KNation of our bes: hope for a tidal project.

Ve feel that it 1s feasible for you to make the
projections we have described within thiz terms and
budgets of your current contracts, and look forward to a
letter from you stating that you hava indeed decided to
do so, _

! Very truly yours,

3 A. o

JAMES" B, LOVGLE
v Governoer :

‘ R
..JﬁL/gwd

cc" Abbie Page Director Offic; of Fﬁérgy Resources
Allen Pease Director State Planning Office N
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NEDED o 24 Septembar 1976

Honorable Jarnes B. Lengley
Governor of the State. of Mame; e
State Fiouso - - b e
Lupgusts, al.m 04330

- \ '

LN
Dczr Governor Lcng!eyc '

This is in rcspor.aa to yeur. lctt,er ef 7 Se ﬂtc.“ber 1976 addressed
$o Mr. Joha VWme Leslle of my staff relctlvo to the economle
: walyals of ths Passamaguaddy Tidal Project now under sitdy.

cur proposal of & (e cycle cost unaiysis, as you may knew, is
not tha conventicnally dictateud mathed of ar.':lysu as col wlisned
by tha Congress for the cvaluxt.!un of water. renource projecto.
Howover it can by dewloped atd baged unen annrov:d of cur
Wxahington headquarteors, .we wiil dovelnp sxme for yaur per-
sonal use.

A3 you have prob\_Lly been inforrmed, bir. leslie met with
Mre. Page and Mr. Silverman on 15 September 1976, at which
time tha subject matter waa clocusseds Iwould llke {0 233ln
reltorais some of the key pcinte and warnin~s la respect to
. uoe of pro;ec!ed power benefite that would bo required in an

- oconomic analysis., Thare {a no problem In eatablishiag the
estimates of the project in today's market vwhich ls readily con-
veried to an a2nnual coct thus providing the cost side of the
beaefit to cost equatioa. The creditatility of the benciit side
will derend oa a great pumber of azsurartions: what wiil b2
the least exzunsive privately-financed alternative; what will
be tho brice of alterrative fuol; hew will energy ferms of
fcoeration chango, if any; what wiil be the value of sowers
wiat will be the stale of hu uational acomomy. All of these
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NEDED

| ‘ 24 September 1574
Honorable Jamcs B. Longley '

1

tnust be projeéicd to the ycar 1991, tho projected date of power
on {ine. Thua benefits will have to be qualificd with a statcment
of the assumption, ' )

A# to ycur comments on extcrnal bencfils, these are normal
factors of any report and of course witl be so acdressed,

Sinccrta{ly'ywr. !

Y

JOHM P, CHANDLER
Colcnel, Corps of Enginears
Dlvislon Eugineer

. j' .
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